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Suiting up forthe 
trip of alifetime 


NASA has announced 

the crew of the Artemis Il 
mission, which willSend 
astronauts in a figure of 
eight flyby around the 
moon in 2024 - the first 
lunar visit since Apollo 17 
in 1972. Pictured left to 
right are Christina Koch, 
Reid Wiseman (seated), 
Victor Glover and Jeremy 
Hansen, who is part of the 
Canadian Space Agency. 
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News 


Physics 


Large-scale quantum effects 


A crystal containing quadrillions of atoms has been put in a quantum superposition 


Leah Crane 


QUANTUM effects have been 
demonstrated on one of the 
largest scales ever, pushing the 
boundaries of the quantum world. 
A crystal of10'° atoms has been 
placed in a superposition of two 
quantum states, breaking the 
record of only 2000 atoms. 

When a particle is ina quantum 
superposition of two states, it 
occupies both distinct states at 
the same time. The most famous 
example is Schrddinger’s cat, in 
which a theoretical cat in a box is 
both dead and alive until you open 
the box to see. 

For this experiment, Matteo 
Fadel at ETH Zurich in Switzerland 
and his colleagues vibrated a tiny 
sapphire crystal. They used a 
superconducting quantum bit, 
or qubit, to precisely control the 
crystal’s quantum state. That 
enabled them to place it ina 
superposition of two states 
of motion: vibrating and still. 

This is different from a state 
where the crystal is just vibrating 
a little bit. Fadel thinks ofit like a 
lamp with a dimmer sending out 
particles of light, or photons. “You 
can turn down the luminosity, 


MATTEO FADEL/ETH ZURICH 


Asapphire crystal ona 
microscope slide used to 
probe quantum mechanics 


making it fainter and fainter, and 
eventually you get to the point 
where your bulb is either sending 
out one photon or not sending it — 
there is no halfa particle,” he says. 
“There’s no such thing as halfa 
vibration here.” Over a few tens of 
microseconds, the superposition 
decayed, leaving the crystal still. 
The goal of putting so many 
atoms into a quantum state is 
to understand whether there is 


a limit to the scale of quantum 
effects. “Quantum physics does 
not put a limit on this in principle- 
it doesn’t have a problem with me 
being here and over there at the 
same time,’ says Rainer 
Kaltenbaek at the University of 
Ljubljana in Slovenia. “But the 
more macroscopic these states 
become... it might be conceptually 
challenging for us, and challenge 
our understanding of space and 
time and how nature works.” 

We don’t see quantum effects 
in our everyday lives, so it seems 
likely that, at some point, they 
start to degrade, perhaps because 
of the effects of gravity at larger 
scales. The scale of quantum 
experiments like this one is 
denoted by a measure called 
macroscopicity, which combines 
factors including the number of 
atoms in the quantum state, the 
mass, the degree of difference 
between the two states in the 
superposition and the length 
of time for which the quantum 
state is maintained. 

Fadel and his team calculated 
amacroscopicity of about 11 for 
their experiment- much higher 


than any other test using these 
kinds of vibrations, but not the 
highest of any quantum 
experiment (Physical Review 
Letters, doi.org/j5cn). That record 
was achieved in 2019 by another 
team of researchers who held an 
atom in a spatial superposition 
of two states 4 micrometres apart, 
reaching a macroscopicity of 14. 

“Even with this new approach, 
they are already near the same 
level in terms of macroscopicity 
as we are with other systems that 
have been around for 20 years 
or so,’ says Kaltenbaek. 

“It’s another step towards 
trying to see how macroscopic 
we can make quantum 
mechanics,” says Tim Kovachy 
at Northwestern University 
in Illinois. “Alternatively, if we 
discover that there really is some 
limit to the macroscopicity of 
superpositions, that would be one 
of the most exciting discoveries 
that we could hope to see.” If there 
is a limit, the theory of quantum 
mechanics is incomplete. “It 
would have a huge effect on our 
understanding of physics and the 
universe,” says Kovachy. I 


Health 


Keto diet may treat 
epilepsy by changing 
gut microbiome 


THE low-carb ketogenic, or keto, diet 
has been used to treat epilepsy for 
around a century, but how it does 
so is unclear. Studies in mice suggest 
its anti-seizure effect comes from 
changes to the gut microbiome. 
Elaine Hsiao at the University 
of California, Los Angeles, and 
her colleagues collected stool 
samples from 10 children with 
epilepsy resistant to anti-seizure 
medications. Each child provided a 
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sample the day before and a month 
after they began the keto diet. 

The team freeze-dried the 
samples and mixed them witha 
liquid, the gave them to mice ona 
regular diet, with half the mice 
receiving pre-keto samples and the 
other half post-keto samples. All 
the animals were given antibiotics 
to deplete their existing gut 
microbiome so only bacteria in the 
samples could colonise their guts. 

The researchers used electrical 


stimulation, on average, before a 
seizure occurred compared with 
mice that ate the pre-keto samples. 
This indicated that the diet protects 
against seizures by altering the gut 
microbiome (bioRxiv, doi.org/j5cr). 
Analysis of stool samples from 
both the humans and mice showed 
the keto diet was associated with 
differences in 20 byproducts of 
digestion called metabolites. These 
included increases in metabolites 


stimulation to induce seizures inthe “It may be that the 


mice. They found that mice that 
consumed the post-keto samples 
needed about 22 per cent more 


microbiome is just one 
factor that contributes 
to seizure protection” 


related to fat digestion and 
decreases in kynurenine, which 
has previously been linked to 
seizure susceptibility. 

Analysis of brain tissue showed 
that mice in the post-keto group 
had altered activity of genes related 
to seizures and brain inflammation. 

However, not all the children in 
the study benefited from the diet 
after one month. This could mean 
they needed to be on the diet for 
longer, says Hsiao. It may also be 
that the microbiome is just one 
factor that contributes to seizure 
protection, she says. I 
Grace Wade 
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Wildlife 


Ancient droppings 
may help save 
endangered kakapo 


Carolyn Wilke 


PRESERVED droppings may help find 
new food sources and habitats for 
the kakapo, a critically endangered 
bird native to New Zealand. 

These large, flightless parrots 
(Strigops habroptilus) are like the 
pandas of the avian world, says 
Alexander Boast of Manaaki 
Whenua - Landcare Research 
in New Zealand. “They're very 
adorable and very difficult to 
get to breed,” he says. 

Extinct on New Zealand's two 
main islands, the 250 remaining 
kakapos live on a few predator-free 
islands. Conservation workers are 
considering new spots to establish 
populations, so they need to know 
which foods can sustain the birds 
and allow them to reproduce. 

Boast and his colleagues 
collected hundreds of coprolites - 
preserved faeces - from spots 
where kakapos had roosted in the 
past. They identified plants from 
microfossils and DNA in the samples 
to find clues about what they ate. 

The team found dozens of 
plant families not observed in 
the diets of modern kakapos. 

For instance, kakapos in some 
habitats were eating a lot of 
southern beech, a major genus in 
much of New Zealand's surviving 
forests (Frontiers in Ecology and 
Evolution, doi.org/gr3g4k). “We've 
got another kind of environment 
that would be really, really good 
for them,’ says Boast. I 


Kakapos, which cannot fly, only 
survive on a few predator-free 
islands in New Zealand 


Climate change 


Warm sea will worsen storms 


Record-breaking sea surface temperatures are predicted to bring 
fiercer hurricanes and typhoons this year, reports Madeleine Cuff 


HURRICANES, typhoons and 
tropical storms may be more 
powerful than usual in the 
coming months, due toa 
record-breaking spike in 
global ocean temperatures. 

The global average sea 
surface temperature hit 
arecord high of 21.1°C on 
1 April, according to data from 
the US National Oceanic and 
Atmospheric Administration 
(NOAA) that was compiled by 
the University of Maine. 

This beats the previous 
record of 21°C set in March 
2016, andis more than 0.5°C 
warmer than is typical for this 
time of year, according to the 
30-year average. 

“The sea surface 
temperatures that we are 
seeing right now are really 
far outside of what we would 
normally see,” says John 
Abraham at the University 
of St Thomas in Minnesota. 
“It is really a remarkable 
record-breaking that we are 
seeing at this moment.” 

The temperature spike 
is asign of the impact of 
climate change on the world’s 
oceans, which for decades have 
absorbed the bulk of the excess 
heat caused by carbon dioxide 
emissions. Research shows the 
oceans are now heating faster 
than at any point in the past 
2000 years. 

For the past three years, the 
world’s climate has been ina 
La Nina phase, which has a 
short-term cooling effect 
on water temperatures in the 
Pacific Ocean. NOAA declared 
that the La Nina phase ended 
on 9 March, which may be 
another reason for the spike, 
says David DeWitt at NOAA. 

The warmer waters could 
turbocharge severe weather, 
such as hurricanes, typhoons 


and extreme rainfall, in the 
coming months. 

Hotter oceans release more 
moisture and heat into the 
atmosphere, fuelling stronger 
storm systems, says Andrew 
Watson at the University of 
Exeter, UK. “Warmer ocean 
temperatures mean more 
moisture in the atmosphere... 
that leads to more energy 


21.1°C 


Global average sea surface 
temperature on 1 April 


available for tropical storms,” 
he says. “Historically what we 
would see is not necessarily 
more hurricanes, but they are 
higher intensity.” 

“There’s definitely the 
potential to drive more intense 
hydrological activity in the 
atmosphere as the oceans 
warm,” says Christopher 
Merchant at the University 
of Reading, UK. 

An expected transition to an 
El Nino climate pattern within 
the next few months will bring 


Atyphoon stirs up the 
sea in Busan, South Korea, 
in September 2022 


even higher sea temperatures 
in the tropical eastern Pacific, 
making it likely global average 
sea surface temperatures will 
remain high for the rest of the 
year, according to NOAA. 

Although stronger storms 
and more extreme rainfall are 
made more likely in parts of 
the world by warming oceans, 
the return of El Nino could 
have a dampening effect on the 
number of storm systems that 
are able to form this year. This is 
because El Nino brings stronger 
wind speeds over some of the 
world’s oceans, such as the 
Atlantic, helping to dispel 
storm systems before they 
can fully develop. 

“IfI were to predict what 
would happen for this year’s 
storm season, I would say 
there will be fewer storms 
than the last three years, but 
we definitely could still have 
powerful storms that make 
landfall,” says Abraham. E 
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News 


Psychology 


Can conspiracy theories be stopped? 


Areview finds there are no viable ways to counter unfounded beliefs in secret plots 


Michael Le Page 


THE vast majority of methods 

for quashing beliefin conspiracy 
theories have little or no effect 
and the ones that do work are 
impractical. That is the conclusion 
of a review of 25 studies assessing 
various methods of tackling 
unfounded beliefs in secret plots. 

Conspiracy theories, such as 
the untrue belief that coronavirus 
vaccines are a way to implant 
microchips, can affect people’s 
health or lead to antisocial 
behaviour, says Cian O’Mahony at 
University College Cork in Ireland. 
But while many studies have 
assessed ways of debunking false 
beliefs in general, few have looked 
specifically at conspiracy theories, 
he says. They are particularly hard 
to counter because anyone trying 
to contest them is seen as part of 
the conspiracy. 

O’Mahony and his colleagues 
decided to review the evidence so 
far to see what does and doesn’t 
work. They found just 25 studies 
that met their criteria, which 
includes a definition of conspiracy 
theories as involving a belief that 
something is being actively 
covered up for a nefarious reason. 
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Conspiracy theories about 
covid-19 fuelled protests 
in the US in 2020 


Methods such as offering 
ridicule, presenting rational 
counterarguments or labelling 
conspiracy theories as such are 
ineffective at countering specific 
conspiracy theories or people’s 
general tendency to believe them, 
the review concludes. In fact, one 
study found that the labelling 
method backfired by slightly 
increasing conspiracy beliefs. 

Priming methods that aim to 


boost people’s critical thinking 
before they are exposed to 
conspiracy theories did work, 
but not very well -the effects 
were usually small. 

What did work well was 
prebunking or informational 
inoculation, in which people 
are told why a conspiracy theory 
isn’t true before being exposed to 
it. All studies testing inoculation 
found medium-sized or large 
effects (PLoS One, doi.org/gr3r2p). 

But attempting to “inoculate” 
people before they are exposed to 
conspiracy theories isn’t practical, 


says O’Mahony. It is also specific 
to each particular conspiracy 
theory. “It’s untenable to be able 
to constantly be updating people 
on the new conspiracies that are 
coming out,” he says. 

The most effective method 
reported so far involved a three- 
month university course with 
weekly sessions in which students 
looked at the differences between 
sound science and pseudoscience. 
This course comes closest to 
what is needed: a kind of broad- 
spectrum vaccination against 
conspiracy theories based on 
teaching people how to think 
rather than what to think, 
according to O’Mahony. 

But few people are going to sign 
up for athree-month course and 
it could be that those who most 
need to attend such a course are 
the least likely to do so, he says. 

Stephan Lewandowsky at the 
University of Bristol, UK, says 
we should still try less effective 
methods, as even small effects 
may scale up. “Reducing sharing 
ofa conspiracy theory early on 
by a few percentage points may be 
sufficient to disrupt a cascade.” I 


Zoology 


Male crazy ants have 
two different sets of 
DNA in their bodies 


MALE yellow crazy ants are 
chimeras - with some parts of their 
bodies carrying one gene set, and 
other parts carrying another. Their 
female offspring develop into either 
workers or queens depending on 
the DNA in the sperm cell that fuses 
with an egg, while male offspring 
become chimeras themselves. 

Ants usually reproduce either 
by sexual reproduction - a male's 
sperm fertilising a female’s egg - or 
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by clonal reproduction, meaning the 
queen produces offspring without 
the added genes of a second parent. 
Generally, males result from 
unfertilised eggs and females 

from fertilised eggs. In most cases, 
queens are genetically similar to 
workers, but special nourishment 
changes their development. 

In 2007, it was discovered that 
male yellow crazy ants (Anoplolepis 
gracilipes) had mixed genetics, as 
if they had two parents. Six years 
later, it emerged that all queens in 
a colony descended from the same 
genetic line, while their worker 
sisters descended from another line. 
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Yellow crazy 
ants reproduce 
in away that 
has never been 
seen before 


To investigate, Hugo Darras at 
Johannes Gutenberg University 
Mainz in Germany and his 


colleagues have sequenced the DNA 


of yellow crazy ants in South-East 
Asia. The queens were inbred, 

but the female workers had much 
higher genetic diversity, he says. 


In the males, roughly half their 
cells had genes of one lineage and 
the rest were of another lineage. 
Looking specifically at sperm cells, 
the team found that the lineage that 
led to workers was more abundant 
(Science, doi.org/gr3xmm). 

The two lineages come from 
two parents, so males result 
from fertilised eggs, but unlike 
in females, the nucleus of the 
egg doesn’t fuse with the nucleus 
of the sperm. The males thus 
end up with different sets of 
chromosomes, carried into 
different parts of the body. E 
Christa Lesté-Lasserre 


Space 


Aliens could geta 
nasty surprise when 
their planet flips 


Alex Wilkins 


SOME planets thought to be locked 
in place around their parent star 
may actually be able to rotate, 
creating climates that are stable 
for long enough for potential life 

to arise - as long as any inhabitants 
don’t mind sudden disruption. 

Many exoplanets that closely 
orbit white dwarf stars are believed 
to be tidally locked by their star's 
gravity, so these worlds have 
permanent day and night sides that 
are extremely hot or cold. It has 
been thought that life could evolve 
on such a planet, perhaps living near 
the boundary between the two sides. 

Now, Jason Steffen and Cody 
Shakespeare at the University of 
Nevada, Las Vegas, have found that 
some of these worlds may be able 
to unlock and rotate before locking 
up again with day and night flipped, 
according to simulations of millions 
of orbits in such systems. 

The simulations looked at how 
long planets would take to switch 
between four different states: two 
tidally locked phases, or rotating 
clockwise or anticlockwise. The 
researchers found that, in about 
30 per cent of the systems they 
looked at, the planets can sit in any 
of these states in a seemingly stable 
configuration, some of which last 
for as long as 100,000 years, 
before changing to another. 

If a planet stayed in one of the 
rotating states for long enough, a 
stable climate could form, though 
more research is needed to figure 
out if this could be at all similar 
to Earth's (arXiv, doi.org/j48h). 

The duration of the stable periods 
could also extend further than the 
models suggest, says Steffen, as 
longer simulations led to longer 
stable periods. A long enough stable 
state might give enough time for life 
to develop, though any life forms 
would have to be highly adaptable 
for when the planet's state changes, 
says Shakespeare. There would be 
very little warning, he says. H 
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Neuroscience 


Neural engineering rewires 
the brain using light 


Jason Arunn Murugesu 


A WAY to link unconnected 
neurons in the brain and 
change an organism’s 
behaviour, dubbed neural 
engineering, could one day 
help treat spinal injuries. 

There is already a technique 
for manipulating neurons with 
light, known as optogenetics. 
This has been used for a variety 
of purposes, suchas controlling 
the movement of nematode 


worms (Caenorhabditis elegans). 


But using this method in 
vertebrates, including humans, 
requires invasive surgery so 
the light can reach specific 
brain cells. 

Michael Krieg at the Institute 
of Photonic Sciences in Spain 
wanted to devise a non-invasive 
alternative, using light asa 
neurotransmitter. In a typical 
brain, neurotransmitters are 
chemicals that are secreted into 
the gap between two neurons, 
also known as a synapse, 


allowing them to communicate. 


Krieg and his colleagues 
figured out a way to do this 
using particles of light, called 


Unconnected 
neurons can be 
linked with light 


photons, in some of the synapses 
of anematode worm. 

To do this, the researchers 
genetically engineered 
some of the worm’s neurons 
so that they didn’t produce 
any neurotransmitters when 
activated. They also modified 
two types of protein present 
on either side of a synapse, 
called the presynapse 
and postsynapse, that 
normally send and receive 
neurotransmitters. 


"This could lead 
to artificial neural 
networks that reconnect 
spinal cord injuries” 


The genetically engineered 
presynapse produced an enzyme 
that releases photons when 
activated, while the modified 
postsynapse produced a protein 
that responds to photons and 
fires a second neuron. 

To show that their method 
worked, the researchers took 
advantage of the worm’s 
natural attraction to a chemical 
compound called diacetyl, 
which smells like a food 
source and so is normally 
attractive to the creatures. 


Using their neural 
engineering technique, 
the researchers were able 
to instead make the worms 
scurry away from diacetyl. 
They linked the neurons 
that register the smell of the 
compound to the neuronal 
circuit that triggers avoidant 
behaviour, allowing them to 
communicate (Nature Methods, 
doi.org/j48z). These circuits 
aren't connected to each other 
in atypical nematode, says Krieg. 

“There are nota lot of 
methods available by which 
you can connect two neurons 
that are not in direct physical 
connection,” he says. “Photons 
can bridge that gap.” 

Krieg says the biggest 
limitation of the method is that 
the enzymes in the presynapse 
don’t produce many photons 
and so don’t always activate ion 
channels in the postsynapse, 
making it unreliable. But this 
should improve with more 
research, he says. 

The team hopes that the 
method could one day be 
used to treat spinal injuries 
in which neurons struggle to 
communicate with each other 
using neurotransmitters. 

“In the long term, this could 
lead to the design of artificial 
neural networks that reconnect 
broken connections found in 
the physical disc of a spinal cord 
injury,” says Krieg. “You could 
functionally connect neurons 
in the spinal cord using photons 
that are quite far from one 
another -but such work is 
still a very long way away.” 

“I think this is a very exciting 
study,” says Divya Chari at 
Keele University in the UK. 
“This is anew way of controlling 
signalling between neurons, 
but I think the therapeutic 
applications are a way off.” E 
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News 


Analysis Vaccination 


Should more countries vaccinate against chickenpox? 
The UK, Denmark and France don’t offer the jab, but research 
suggests it could save lives across all ages, says Clare Wilson 


VACCINES sometimes generate 
ill-founded health scares, but 
whether to immunise against 
chickenpox has been the subject 
of genuine medical debate. 

It is a routine childhood jab 
in some countries — including 
the US, Australia and about half 
of Europe - but hold-outs include 
the UK, Denmark and France. 
There are concerns that the 
childhood vaccination benefits 
those who receive it, but is possibly 
detrimental for others, such as 
older people at risk of shingles. 

Fortunately, growing evidence 
suggests that such harms aren't 
materialising. What's more, 
arecent analysis found that, 
overall, the vaccine does more 
good than harm. So, is it time for 
the chickenpox vaccine-resistant 
countries to come round? 

Chickenpox is caused by 
the varicella zoster virus. In the 
absence of vaccination, most 
people get infected in childhood. 
The younger a person is when 
they catch chickenpox, the milder 
their experience tends to be. 

But the virus can cause severe 
symptoms - for instance, if it 
triggers bacterial infections — 
and can even be fatal, especially in 
those with weak immune systems. 

When the first chickenpox 
vaccine was developed three 
decades ago, one concern was 
that some parents may not get 
their children vaccinated. A routine 
vaccination programme would 
mean that population-level 
immunity would be relatively high, 
so those who missed out might 
not encounter the virus until they 
were teens or older, raising the risk 
of severe complications compared 
with a childhood infection. 

Another fear was the impact 
on older people. After a chickenpox 
infection, the virus’ DNA remains 
in nerve cells and it can reactivate 
in later life, leading to the painful 
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symptoms of shingles. It is thought 
that chickenpox infections among 
children expose adults to small 
doses of the virus, boosting their 
immunity and making them less 
likely to develop shingles. 

Despite the concerns, the 
US began offering the vaccine 
routinely to children in 1995, with 
other countries later following suit. 

Several studies over the past 
few years have shown that these 
nations haven't seen an increase 
in shingles cases. What's more, a 
UK study found that if adults are 
exposed to a child with chickenpox 


90% 


Reduction in chickenpox deaths 
over 50 years with a vaccine 


in their household, their reduction in 

Shingles risk is less than previously 

supposed, with a fall of about 

27 per cent over 10 to 20 years. 
Now, data from such studies 

has been plugged into a set of 

equations that predict the impact 

of vaccines on infection rates. 

This modelled the effects over 

50 years if the vaccines were to 

be offered to children in Denmark. 
The researchers — which 

included scientists at Merck, one 

of the vaccines’ manufacturers — 


A child is vaccinated 
against chickenpox in 
South Portland, Maine 


found that while there would be 
about a 1 per cent rise in shingles 
cases for the first few years, after 
50 years, cases would be 9 per 
cent lower than would be expected 
if Denmark were to continue not 
to vaccinate (PLoS Global Public 
Health, doi.org/j47 5). 

They also found that the 
number of people of any age who 
die or need hospital treatment for 
chickenpox would be cut by more 
than 90 per cent, countering the 
idea that there would be a rise in 
severe cases among older 
unvaccinated people. 

Several countries, including 
the UK and Denmark, are now 
considering adding the vaccine 
to their routine childhood jabs. 

For adults who have experienced 
mild chickenpox, it may be 
tempting to dismiss the need 
for its vaccine. But the covid-19 
pandemic has shown that even 
if an illness is usually mild, it can 
lead to appreciable harms on a 
population-wide scale and is worth 
taking countermeasures against. 

Perhaps it is time for more 
countries to stop giving the 
chickenpox virus a free pass. E 


Materials 


Ultraviolet 
camouflage could 
help bird hunters 


Matthew Sparkes 


A CAMOUFLAGE material made 
from natural plant dyes can conceal 
objects in both visible light and 
ultraviolet, which could be useful 
for hunters trying to avoid being 
spotted by birds that can see in UV. 

To make the material, Anowar 
Hossain at RMIT University in 
Melbourne, Australia, extracted 
dyes from a range of plant species, 
including Honduran mahogany 
(Swietenia macrophylla), mango 
trees (Mangifera indica) and tea 
plants (Camellia sinensis), and 
used them to print a leafy design 
on cotton fabric. 

Hossain tested the material's 
camouflage abilities by placing it 
against a woodland background 
featuring the same plants and, 
through visual inspection, found it 
worked in both visible and UV light 
(Scientific Reports, doi.org/j453). 

It is unclear if the dyes could 
have a military application. The 
US military has investigated UV 
sensing, including devices to 
cloak aircraft in that portion of 
the spectrum. It even published a 
list of approved washing powders 
for camouflage uniforms because 
some were said to contain optical 
brighteners that increased UV 
reflectivity, although subsequent 
research has reportedly shown 
washing powder to have no 
material effect. 

Laszlo Talas at the University of 
Bristol, UK, says that military use of 
the dyes would probably be limited, 
but given that birds can see UV light, 
they may be of use to hunters. 

“I've never really seen the 
argument anywhere, from any 
military organisation, that we 
should match the background in 
terms of UV,” he says. “I've never 
heard that anybody has a UV 
camera that's looking for targets. 
Because, if you do that, you might 
as well use a thermal camera, it’s 
going to be easier to spot people 
and vehicles.” I 


Mind 


Your short-term memory can become 
unreliable in a matter of seconds 


Jason Arunn Murugesu 


YOU can misremember 
something just seconds after it 
happened, reframing events in 
your mind to better fit with your 
own preconceptions. Our brains 
probably do this in an effort to 
make sense of the world in line 
with our expectations, even if 
that isn’t helpful all ofthe time. 

Marte Otten at the University 
of Amsterdam in the Netherlands 
and her colleagues wanted to tease 
out the relationship between prior 
expectations and short-term 
memories. The team conducted 
several experiments on more 
than 400 people that all involved 
showing the participants random 
letters arranged in a circle ona 
computer screen. 

In the simplest form of this 
experiment, the participants were 
shown the letters for a quarter of 
a second before the screen went 
blank. After a gap of 3 seconds, 

a box appeared where one of the 
letters had been for halfa second, 
followed by a different circle of 
letters for halfa second. 

The participants were asked 
to recall which letter from the 
original circle had been in the 
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position held by the box on the 
screen. Crucially, some of the 
letters were flipped, which 
Otten calls “pseudo-letters”. 
The participants were explicitly 
warned not to mistake them for 
real ones. This test was repeated. 
After recalling the letters, the 
participants were asked to rate 
their confidence in each answer. 
The team focused its analysis 
on the most confident 


You can’t always rely 
on your memories to 
remain unchanged 


participants, in order to weed out 
random guesses. The researchers 
found that, when asked to recall 
the position ofa pseudo-letter, 
the confident participants 
incorrectly gave the answer as 
its real letter equivalent 39 per 
cent of the time, despite their 
high confidence in the answer 
(PLoS One, doi.org/j472). 
Variations of the experiment 
revealed that this misplaced 
confidence is likely to be to 
do with how our short-term 
memory works and howit relies 
on our preconceptions. 


“People seem to be sensitive to 
this memory illusion where they 
already have a preset notion of 
what the world should look like,” 
says Otten. “This is very strong for 
letters because we have a lot of 
experience with them.” 

This effect appears to be due to 
a feature of our neural system that 
relies on generating predictions 
about the world, says Otten. 

We expect to see normal letters 
when reading, she says. “These 
predictions are normally quite 
helpful and efficient in normal 
life,” she says. “This is not 
something we have control over.” 

Several studies have previously 
shown that long-term memory 
is fallible and affected by prior 
expectations. Tracey Shors at 
Rutgers University in New Jersey 
says this new study reveals that 
the same is true for short-term 
memories. 

“It is tempting to refer to these 
memories as ‘illusions’ or even 
‘false memories’, she says. “But 
in our everyday life, they likely 
help us better predict the future- 
and do so faster than we had 
imagined possible.” E 


Physics 


Solar flares made in 
the lab help explore 
the real thing 


MINI solar flares produced in the lab 
have shown how the sun fires out 
particles and X-rays at high speed. 
The sun regularly spits out solar 
flares when arcs of plasma, called 
coronal loops, break. We don't fully 
understand how they are made, 
but one idea is that these loops are 
twisted like braided rope, in a fractal 
pattern, where smaller and smaller 
structures of braids form as you look 
more closely, says Paul Bellan at the 


California Institute of Technology. 
These small braids make it easier 

to break the loops apart and release 
X-rays as part of a solar flare. 

To study a flare up close and try to 
see this fractal structure, Bellan and 
his colleagues created mini coronal 
loops by injecting jets of hydrogen 
gas into a vacuum chamber that 
contained high-voltage electrodes, 
making a plasma. They then used 
a magnetic field to loop the plasma, 
filming it with high-speed video 
and X-ray cameras. 

The high current flowing through 
these loops produces a magnetic 
field, which chaotically tugs back 
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An artificial 
solar flare, 
created 

by turning 
hydrogen gas 
into aplasma 


and forth with the initial field and 
creates the patterns seen in solar 
flares. “If you have too much 
current, then things start falling 
apart, and that's what leads to 
the X-rays,” says Bellan. 

By watching how the loops 
developed and matching this up with 


when X-rays were released, the 
researchers could see where and 
how they collapsed into solar flares. 
One of the main ways is what is 
known as a kink instability, which 
happens when arope-like flare 
bunches up, making it longer, 
increasing its resistance and so 
lowering its voltage. This voltage 
drop creates a pressure drop, 
accelerating the particles to a high 
speed - which is what Bellan and 
his team think may be happening 
to make the X-rays we see from 
the sun (Nature Astronomy, 
doi.org/j48w). I 
Alex Wilkins 
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News 


Animals 


Chimpanzees may have an 
adolescent growth spurt 


Andrew Chapman 
IT IS widely believed that researchers have studied the At puberty, male chimps grow 
humans are the only animals chimp population in the park their teeth, which they use to 
to have an adolescent growth for nearly 30 years, Sandel threaten each other in contests 
spurt, but new evidence from and his team knew the age for mating or social dominance. 
chimpanzees suggests this of each individual. “The simplest reinterpretation 
isn’t unique to us after all. is they are showing an increased 
Some scientists define rate of bone turnover in male 
adolescence as being specific Peak at puberty chimpanzees, but I would say 
to humans because it involves Backinthelab,theyfoundthat it’s due to eruption of large 
social and cultural changes male chimps showed peaks canine teeth and the supporting 
that are distinctly human in collagen and osteocalcin bones around the canine teeth,” 
experiences. Certain physical around puberty, at age 9 or 10, says Bogin. If so, the bone 
changes during adolescence, resembling what happens in growth in chimpanzees might 
such as the growth spurt, humans. “This isshowingthat, not be equivalent to the human 
also haven’t been seen somewhere in their body, their growth spurtin height. 
in other animals. skeleton seems to be growing 
The few studies that have really rapidly,” says Sandel. 9 = L O 
measured limb development However, the female chimps 
in captive primates found, at inthe analysis didn’tshowthe Age when markers of bone 
most, small growth spurts in same peak in growth signals growth peak in male chimps 
height. But AaronSandelatthe (Journal of Human Evolution, 
University of Texas at Austin doi.org/j45d). Sandel wants Sandel says it is too soon 
says we don’t have enough to collect more urine samples to rule out a growth spurt in 
evidence to draw conclusions from females of a wider range non-human primates, and that 
about animals in the wild. of ages. It is possible, he says, itis crucial to track physical 
“We really have to be cautious that females have an earlier changes, such as when the 
making claims about human growth spurt. skeleton stops growing, in other 
uniqueness without the But Barry Bogin at animals. “That’s going to be key 
relevant data,” he says. Loughborough University in to defining the end of biological 
His team used an established the UK questions how the study adolescence and beginning of 
technique for detecting bone team has interpreted the results. biological adulthood,” he says. E 


growth that is reliable in 
humans, but that no one 
had applied to other primates: 
measuring levels of the proteins 
collagen and osteocalcin, 
which circulate in the body 
during bone growth. These 
biomarkers can be detected 
in blood and urine, so the test 
can be done non-invasively. 

To collect their samples, 
the researchers headed into 
Kibale National Park in Uganda, 
where they watched for chimps 
urinating. They pipetted urine 
from the ground or caught it 
in bags as it rained down from 
chimps in the trees. Since 


Do chimps go 
through a human- 
like adolescence? 
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Technology 


Als that can’t draw 
hands to get help 
from one that can 


Matthew Sparkes 


IMAGE-GENERATING artificial 
intelligence models like DALL-E 

and Midjourney often have difficulty 
creating human hands, with many 
otherwise photorealistic pictures 
given away by hands with the 
wrong number of fingers or 

in impossible poses - so now 
researchers have created an Al 
dedicated to just drawing hands. 

Most text-to-image Als in use 
today are based on a technology 
called diffusion, which has become 
adept at creating photorealistic 
images, but they struggle to 
reproduce the shape of the 
human hand because images 
in their training data have 
hands in wildly different poses. 

Zhiyang Guo at the University 
of Science and Technology of China 
in Hefei and his colleagues have 
created an Al model based on 
a different technology, called 
neural radiance fields (NeRF), 
which uses neural networks to 
model 3D shapes. The researchers 
trained their HandNeRF model on 
an open-source data set of hand 
images. They could then use it to 
create realistic images of entirely 
new hand poses from any desired 
angle (arXiv, doi.org/j429). 

Jorge Condor Lacambra at the 
University of Lugano, Switzerland, 
says that because diffusion models 
have no concrete concept of 
the shape of objects, only their 
appearance from training set 
images, they are easily confused. 
But NeRFs work by developing 
a framework of a 3D object, 
so are better at understanding 
how they can be seen from 
various viewpoints. 

Combining the two could be 
helpful, he says, as the output 
of a diffusion model that includes 
hands could be compared with 
a NeRF representation of a 
hand to ensure that it is logical, 
possible and includes the correct 
number of digits. I 


Physics 


Double-slit experiment with a twist 


A classic demonstration involving gaps in space has now been performed with gaps in time 


Leah Crane 


THE famous double-slit 
experiment, which demonstrated 
that light is both a wave anda 
particle, has been performed using 
“slits in time”. The techniques 
involved present a new way to 
manipulate light that could be 
used to create strange materials 
called time crystals. 

The double-slit experiment, 
first performed by Thomas Young 
in 1801, involves shining a beam 
of light ona plate or card with two 
small slits cut into it. When the 
light waves pass through the slits, 
they interfere with one another, 
causing a pattern of light and dark 
stripes on a screen. This wouldn’t 
be possible iflight were simply 
made of particles, so this 
experiment was one of the first 
pieces of evidence that light is a 
wave as well. 

While the original double-slit 
experiment used slits separated 
in space, Riccardo Sapienza at 
Imperial College London and 
his colleagues performed a 
similar experiment in which 
the obstacles to the propagation 


Animals 


Extremely primitive 
Spider species 
identified in China 


THREE species of an ancient group 
of spiders, all native to Hunan 
province in China, have now been 
described. These “mesothelean” 
spiders diverged from other 
arachnid families about 300 million 
years ago and have strange, 
primitive features not found in 
the vast majority of living spiders. 
Most spider species on Earth 
today belong to one of two groups: 
the heavy-bodied mygalomorph 
spiders - such as tarantulas and 
funnel-web spiders - and the 
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An illustration of the 
patterns light makes 
after passing a double slit 


of light were separated in time. 

Sapienza and his team used 
a material called indium tin 
oxide, which, when hit witha 
powerful laser beam, goes from 
being almost entirely transparent 
to briefly reflecting most of the 
light that strikes it. 

To perform the experiment, the 
researchers used two consecutive 
laser pulses to turn the material 
reflective while also shining a less 


araneomorph spider species, many 
of which spin intricate, sticky webs. 
Approximately 100 spider 
species belong to a poorly 
understood third group that falls 
under the suborder Mesothelae. 
These diverged from other spiders 
back when the planet's rainforests 
were full of giant arthropods and 
the very first reptiles. Today, the 
sole remaining mesothelean spider 
family retains some features of the 
first spiders. Unlike all other spiders, 
mesotheleans have a segmented 


abdomen with plates ontop,much > 1 to 2 centimetres long and ambush 


like a shrimp tail or a bee’s rump. 
Their silk-spewing spinnerets 

are slung below the centre of their 

abdomen, rather than positioned 


powerful “probe” laser at it. The 
light from the probe laser passed 
through the material during 
times when it wasn’t reflective, 
and bounced back when it was hit 


simultaneously with a laser pulse. 


When they measured the light 
that bounced back, they found 
similar interference patterns to 
those seen in the classic version 
of the experiment, but this time 
in the frequency of the light, 
which determines its colour, 
rather than in its brightness. 

“In the Young experiment, light 
enters at one angle and comes 
out at many angles, and in our 
experiment, the light enters at 
one frequency and comes out at 


many frequencies,” says Sapienza. 


This was as theoretical 
calculations predicted, but 
the light’s frequency oscillated 
much more than expected. It 
depends on the sharpness of 
the material’s transition from 
transparent to reflective, so this 
means that the material was 
responding to the pulses with 
incredible speed — within a few 


A female Songthela longhui 
spider viewed from below 
(left) and above 


at the rearmost tip. All modern 
mesothelean spiders live in East 
,. and South-East Asia, are about 


prey from tube-shaped lairs. 
Xin Xu at Hunan Normal 

University in China and her 

colleagues gathered young 
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femtoseconds ofthe pulse. One 
femtosecond is one-millionth 
ofone-billionth ofa second 
(Nature Physics, doi.org/j423). 


“The original experiment 
was one of the first pieces 
of evidence that light is a 
wave as well as a particle” 


“The material response is 10 to 
100 times faster than expected 
and that was a big surprise,” says 
Sapienza. “We were hoping to see a 
few oscillations and we saw many.” 

That quick transition time could 
be useful for making time crystals, 
which are strange materials with 
moving structures that repeat 
over and over again. It could 
also help with more everyday 
applications, says Maxim 
Shcherbakov at the University of 
California, Irvine. “The temporal 
interference is an exciting find 
that can see applications in 
many modern technologies, but 
especially in telecommunications, 
where the way we treat signals in 
time is very important,” he says. I 


mesothelean spiders from parks 
and villages and reared them in 
the lab. Based on the shape of 
the spiders’ sexual structures, 
the researchers determined they 
were looking at three previously 
undescribed species, all in the genus 
Songthela (ZooKeys, doi.org/j434d). 
Many mesothelean spiders are 
found in very small geographic 
areas, possibly due to their 
travel-averse, burrow-dwelling 
lifestyle, which has led to different 
species inhabiting isolated pockets 
of mountainous terrain. These 
narrow ranges may make some 
mesotheleans particularly 
vulnerable to extinction. I 
Jake Buehler 
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Plant-spotting apps often fail 
to identify correct species 


Matthew Sparkes 


SMARTPHONE apps 

that identify plants from 
photographs can be as little as 

4 per cent accurate, which could 
put people foraging for food at 
risk and also lead to endangered 
plants being mislabelled as 
weeds and eradicated. 

Julie Peacock at the University 
of Leeds, UK, and her colleagues 
evaluated six of the most 
popular apps: Google Lens, Leaf 
Snap, iNaturalist, PI@ntNet, Seek 
and Plant Snap. They attempted 
to identify 38 species of plant 
in their natural habitat, at four 
locations in Ireland, with each 
app. Some apps scored very 
poorly, while even the best fell 
short of 90 per cent accuracy. 

“There are lots of reasons 
why it’s important that either 
the apps are accurate or people 
are aware that these apps area 
guide but definitely not perfect,” 
says Peacock. For example, 
people could misidentify 
important native species as 
invasive and remove them 
from their gardens or consume 
potentially dangerous wild 
plants, thinking they are an 
edible variety. 

But Peacock doesn’t think 
people shouldn’t use these 
apps, as long as they understand 
the limitations. “They have 
huge potential for people to 
start to engage more with 
plants,” she says. 

The apps use artificial 
intelligence algorithms 
trained on vast numbers of 
captioned photographs of 
plants. During training, the AI 
is taught to recognise not only 
the training photos, but also to 
spot similarities between them 
and new photographs, which 
allows them to identify plants. 

Generally, the apps were all 
better at identifying flowers 
than leaves, which the 
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researchers say is due to their 
greater variety of shape and 
colour providing the AI with 
more clues. But this wasn’t 
always the case. The iNaturalist 
app was able to correctly 
identify just 3.6 per cent of 
flowers and 6.8 per cent of 
leaves. Plant Snap identified 
35.7 per cent of flowers correctly 
and 17.1 per cent of leaves. 

The highest accuracy was 


“People are unlikely 
to scramble around 
in ponds, pulling out 
weeds to take pictures” 


achieved by Pl1@ntNet at 
88.2 per cent for flowers 
(PLoS One, doi.org/j479). 

Alexis Joly at Inria in 
Montpellier, France, who is one 
of the researchers behind the 
non-profit project Pl@ntNet, 
says that the app’s success was 
down to its data sets, which 
are sourced and categorised 
by botanists, scientists and 
informed amateurs, along with 
algorithms that rank several 
likely candidates. “It seems our 
strategy is paying off,” he says. 


Apps use 
photographs to try 
to identify plants 


Stephen Harris at the 
University of Oxford says that 
Peacock’s concerns are valid, 
and that he has also experienced 
problems with such apps and 
relies on a good reference 
book instead. The problem is 
relying on images uploaded 
to the internet that are often 
incorrectly labelled, he says. 

“People tend to take images 
of similar things. So you will 
get certain plants that are really 
obvious and everybody wants 
to take a picture of, whereas if 
you get some sort of really 
interesting plant but it happens 
to bea scrappy little thing that 
doesn’t have very attractive 
flowers or anything, you won't 
get very many images ofit,” says 
Harris. “It’s very unlikely that 
you're going to have people 
scrambling around in ponds, 
hoicking out pond weeds and 
taking pictures of it.” 

Google declined a request for 
interview, while the other app 
creators didn’t respond. I 


Animals 


Monkeys with 
human-like hands 
fooled by magic 


Soumya Sagar 


MONKEYS with hands that resemble 
ours fall for a sleight-of-hand magic 
trick, but those without opposable 
thumbs aren't fooled. 

These differences illustrate 
how primates’ expectations of 
the actions of others depend on their 
own anatomy and abilities, says 
Elias Garcia-Pelegrin at the National 
University of Singapore. His research 
uses magic to reveal aspects of 
animals’ mental capacities. 

Garcia-Pelegrin, a trained 
magician, performed a classic 
illusion for three species of 
monkeys from the Americas: 
Humboldt's squirrel monkeys 
(Saimiri cassiquiarensis), 
common marmosets (Callithrix 
jacchus) and yellow-breasted 
capuchins (Sapajus xanthosternos). 

The monkeys were trained to 
watch Garcia-Pelegrin handling an 
item of food and select which of his 
closed fists contained the reward. 
Then, he showed them the food 
with one hand and either passed 
it to the other hand or performed 
a trick called the French drop by 
pretending to grab it but keeping 
it in the same hand. 

The capuchins and squirrel 
monkeys, which have opposable 
thumbs, correctly chose the 
hand with the reward whena 
real transfer took place, but they 
were fooled by the French drop. 
Meanwhile, the marmosets - 
which can't grip with their 
thumbs - didn’t fall for the trick, 
but got fooled when the reward 
was actually transferred (Current 
Biology, doi.org/j476). 

Garcia-Pelegrin and his 
colleagues conclude that monkeys 
familiar with the conjurer’s anatomy 
predicted his hand movements 
and were fooled as a result. “This 
exemplifies how our internal 
biases about movements can be 
sometimes misleading, and we 
seem to share this with other 
primates,” says Garcia-Pelegrin. i 
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Animals that don't follow the herd 
seem to be better at solving problems 


Christa Lesté-Lasserre 


SHEEP, camels, goats, gazelles and 
other hoofed animals are better 
at figuring out solutions to puzzles 
when they are less integrated into 
social groups. 

Such marginalisation might 
force individuals to find food, 
shelter and other needs on their 
own without group help, thereby 
fuelling innovation, says Federica 
Amiciat the University of Leipzig 
in Germany. 

“If you re not well integrated 
into your social group, you can’t 
count on friends providing you 
with support or sharing resources 
with you, and you have to count on 
yourself much more,” says Amici. 
“It’s interesting that problem- 
solving skills appear to be quite 
an alternative to social skills.” 

Amiciand her colleagues 
wanted to consider how social 
groups affect individual animals’ 
capacity for innovation. They 
decided to concentrate on 
ungulates -hoofed animals — 
which live in widely varied social 
group structures and include both 
wild and domesticated species. 

The team worked with 
111 ungulates from 13 species, all 


SEATOPS/ALAMY 


living in zoos in Spain, France and 
Germany. They included 16 goats 
(Capra aegagrus hircus), 15 Barbary 
sheep (Ammotragus lervia), 
13 dorcas gazelles (Gazella dorcas 
osiris), nine sheep (Ovis aries), 
seven red deer (Cervus elaphus), 
six impalas (Aepyceros melampus 
petersi), six giraffes (Giraffa 
camelopardalis rothschildi) 
and four llamas (Lama glama). 
The researchers observed 


Barbary sheep were 
one of 13 species 
tested in the study 


each animal every 15 minutes for 
several days to determine its rank 
in the group’s social hierarchy and 
how well it was integrated into 
the group. They also scored each 
animal’s fear of new objects — 
known as neophobia -by placing 
a colourful plastic bucket or bowl 
next to its usual food. 

Then, the team placed a set 
of covered cups -filled with 
whatever food each species 
particularly liked, such as carrots 
or alfalfa grass —in the enclosure 
with the animals. Video cameras 
recorded their behaviour 


without humans present. 

Regardless of species, it was 
the less socially integrated and 
less neophobic individuals that 
were most successful at figuring 
out how to open the lids to 
get to the food inside the cups 
(Proceedings of the Royal Society B, 
doi.org/j44z). 

It is possible that because 
these animals get left out of the 
group, they are more motivated 
to find other ways to get food 
and other resources on their 
own, says Amici. 

Another possibility is that these 
individuals aren’t necessarily 
outcasts, but rather that they 
choose to be alone, says Martine 
Hausberger at the University of 
Rennes in France. “These might 
be more autonomous individuals, 
who need less proximity with 
their group because they figure 
things out on their own,” she says. 

Whether the findings apply 
to humans and other species 
is unclear. “It’s tempting to see 
a parallel [with humans],” says 
Amici. “Individuals with high 
problem-solving skills may not be 
the most socially skilled people.” I 


Technology 


Swaying plastic 
‘reefs’ could calm 
roughseas 


A SYSTEM of upside-down 
pendulums tethered to the sea 
floor could reduce the size of 
waves, helping limit beach erosion. 
Such waves are often stopped 
with walls of rocks built parallel 
to the shore, but these structures 
are intrusive, hard to adjust and 
disruptive to marine habitats. Paolo 
Pezzutto at the Italian National 
Research Council's Institute of 
Marine Science and his colleagues 


built a prototype for a smaller 
device called MetaReef that calms 
waves by absorbing their energy 
from beneath the water. 

The researchers used a narrow 
tank, 50 metres long and filled 
with water, to test the system in 
the lab. They tethered 11 plastic 
cylinders, each about half a metre 
long, to the bottom of the tank 
with steel cables. The cables were 
tightened enough to keep each 
cylinder submerged but still allow 
it to move back and forth, like an 
upside-down pendulum, when 
there was a wave on the surface. 

The researchers then created 


waves of different frequencies 
with a piston-like device at one 
end of the tank, and tested the 
ideal spacing for the cylinders as 
the waves rolled over them. At its 
most successful, MetaReef reduced 
the amplitude of the waves by 
about 80 per cent. 

The team had to space the 
cylinders so they wouldn't interact 
with each other and produce new, 
stronger waves. By adjusting the 


“At its most successful, 
MetaReef reduced the 
amplitude of the waves 
by about 80 per cent” 


spacing or size of the cylinders, 
MetaReef could be tailored to 
work on beaches with different 
wave sizes, Says Miguel Onorato 
at the University of Turin in Italy, 
part of the team. 

The researchers say MetaReef 
is resilient to changes in the oceans, 
including sea level rise. Yet it could 
still be torn apart by some giant 
storm, says Mike Meylan at the 
University of Newcastle in Australia. 
It may take more modelling of 
wave scenarios, but the device 
could eventually be successful 
outside the lab, he says. I 
Karmela Padavic-Callaghan 
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Ozone-destroying CFCs are 
on the rise again despite ban 


Madeleine Cuff 


THE concentrations of 

some ozone-depleting 
chlorofluorocarbons 

(CFCs) in the atmosphere are 
increasing rapidly, scientists 
warn, despite the production 
of these chemicals having been 
banned globally since 2010. 

CFCs were commonly used in 
refrigerants, aerosol propellants 
and solvents until they were 
discovered to be the driving 
force behind the destruction 
of the ozone layer. Under the 
Montreal Protocol, their 
production was phased 
out from 1989 to 2010. 

But Luke Western at the 
University of Bristol, UK, and 
his colleagues have uncovered 
a sharp increase in global 
atmospheric concentrations of 
five CFC chemicals between 2010 
and 2020, which could suggest 
they are still being illicitly 
produced in some factories. 


The hole in the ozone 
layer over Antarctica, 
measured in 2022 


Using data collected from 
14 measurement sites around 
the world, the researchers found 
that concentrations of CFC-112a, 
CFC-113, CFC-113a, CFC-114a and 
CFC-115 have increased since 
2010, reaching a record high 
abundance in the atmosphere 
in 2020 (Nature Geoscience, 
doi.org/j44x). 

The jump in emissions isn’t 
likely to significantly hamper 
the recovery of the ozone layer, 
which is expected to heal 
completely by the 2060s, but 
the planet-warming impact of 
CFC gases means the findings 
are a concern, said Western at 
a press briefing. 

He told reporters that the 
findings should act as an “early 
warning” for countries to crack 
down on illicit or negligent 
production of the chemicals. 

The amount of these gases 
emitted in 2020 would have an 
equivalent warming effect to 
the total carbon emissions for 
a country like Switzerland, he 
said. “So the climate impacts 


are still quite substantial.” 

Some of the increase in 
emissions can be explained by 
a jump in the manufacturing of 
hydrofluorocarbons (HFCs), 
which are widely used as a 
replacement for CFCs. The 
production of HFCs sometimes 
leads to the creation and release 
of CFCs as a by-product. 

But two CFCs in particular, 
CFC-112a and CFC-113, aren’t 
created in the HFC production 
process and researchers aren't 
sure what is causing the increase 
in emissions. “That’s really a bit 
scary,” said Stefan Reimann at 
the Swiss Federal Laboratories 
for Materials Science and 
Technology during the briefing. 

Likewise, the researchers 
aren't sure where the emissions 
are coming from. “We are pretty 
certain it’s not coming from 
Europe or the US,” said team 
member Isaac Vimont at 
the National Oceanic and 
Atmospheric Administration 
in the US. 

In 2018, factories in China 
were found to be the source 
ofa spike in CFC-11 emissions. 
Previous research has identified 
East Asia as a source of CFC-113a 
and CFC-115 emissions. The 
study authors say that more 
monitoring is therefore needed 


2060s 


Period when the ozone layer 
is expected to heal completely 


across this region to help 
pinpoint the source of the 
current increase in emissions. 
Under the Kigali Amendment 
to the Montreal Protocol, which 
was ratified in 2016, countries 
agreed to reduce the production 
and consumption of HFCs. These 
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Wildlife 


Did African 
elephants tame 
themselves? 


Corryn Wetzel 


WILD African elephants are one 
of the few known species to show 
signs of self-domestication. The 
phenomenon has only previously 
been documented in humans and 
bonobos, a closely related primate. 
Humans have bred animals to 
maximise traits such as a docile 
temperament, friendliness and 
sociability in a process called 


An African 
savannah 
elephant in 
Etosha National 
Park, Namibia 


domestication. Some researchers 
believe humans and bonobos have 
gone through a similar process, 
but that they have naturally done 
it to themselves. 

Limor Raviv at the Max Planck 
Institute for Psycholinguistics in 
the Netherlands and her colleagues 
compared African savannah 
elephants (Loxodonta africana) 
with bonobos (Pan paniscus) and 
humans on 20 different measures. 

They found that all three species 
display similar behaviours and 
share certain physical features. Like 
bonobos and humans, elephants 
are social, care for the offspring of 
others in their group and have long 
childhoods. Wild African elephants 
also have a shortened jawbone - a 
trait shared by many domesticated 
animals - and show restraint in 
aggression towards others. 

The team also found 79 genes 
in African elephants associated 
with domestication in other species, 
further strengthening the idea 
that elephants evolved these traits 
without the direct intervention 
of people (PNAS, doi.org/j422). 

Raviv is now looking for signs 
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of self-domestication in seals, 
dolphins, whales and bats. I 


are harmless to the ozone layer, 
% but drive climate change. I 
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News In brief 


Palaeontology 


Ancient shark could 
smellinstereo 


A 365-million-year-old shark 
may have been the first fish to 
smell in stereo. 

Christian Klug at the University 
of Zurich in Switzerland and his 
team found several fossils ofan 
ancient shark in the Moroccan 
Sahara. They used CT scans to 
create digital 3D reconstructions 
of the animals. 

Similar to modern-day 
hammerhead sharks, this shark 
had a wide snout and broadly 
spaced nostrils, allowing for 
more precise localisation of 
prey. The researchers named it 
Maghriboselache mohamezanei 
(Swiss Journal of Palaeontology, 
doi.org/j455). 

This is the earliest evidence 
of such sensory specialisation in 
sharks and other cartilaginous 
fish — and possibly in all jawed fish 
says Klug. Christa Lesté-Lasserre 


Technology 


Shapes 3D printed 
into living worms 


NEMATODE worms given glowing 
shapes inside their bodies show 
how electronics can be directly 

3D printed within a living 
organism. The technique could 
one day be used to create and 
maintain implants in humans. 

John Hardy at Lancaster 
University, UK, and his colleagues 
first fed an ink containing the 
fluorescent plastic polypyrrole to 
nematode worms (Caenorhabditis 
elegans). This ink is designed to 
work with a photonic 3D printer, 
which uses a laser to shape the 
material and turn it conductive. 
Using such a printer, the team 
created star and square shapes 
within worms. 

Objects have been 3D printed 
inside living organisms before, 
but this is the first time it has 
been done for conductive circuits 
(Advanced Materials Technologies, 
doi.org/grw744). Alex Wilkins 
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Environment 


Viral diseases 
in plants 
fuelled by 
climate change 


WARMER and wetter weather 

has increased the spread of plant 
viruses in the past few decades, and 
climate change is expected to result 
in more outbreaks in the future. 

Erin Mordecai at Stanford 
University in California and her 
colleagues analysed the spread 
of viral pathogens in 5380 wild 
and agricultural plant populations 
across six continents from 1984 to 
2019. They used data from dozens 
of previous studies that mainly 
focused on plant populations where 
some disease is typically present. 

The team analysed temperature 
and rainfall data during past disease 
outbreaks and found that wild plants 
living in historically cold areas - 
with an average temperature of 3°C 


from 1960 to 1990 - were more 
likely to catch viral diseases during 
periods of warmer weather over the 
following decades. The incidence 

of viral disease was roughly 40 per 
cent at temperatures around 5°C, 
rising to around 50 per cent when 
temperatures reached 15°C and 
around 70 per cent when they 
exceeded 30°C. Similar effects were 
seen among agricultural plants. 

Heavier rainfall was also linked 
to an increased spread of viruses 
among wild plant populations, 
especially those in historically 
wet areas, with 3.9 millimetres of 
daily rainfall on average. In these 
areas, a rise to 6 millimetres per 
day increased the risk of viral 
disease by roughly 10 per cent 
(bioRxiv, doi.org/j459). 

The study highlights how 
weather extremes, which are 
predicted to become more common 
with climate change, will make 
disease outbreaks more likely, 
says André Velásquez at Western 
Carolina University in North 
Carolina. Carissa Wong 
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Metal used in Benin 
Bronzes traced 


The Benin Bronze artworks, 
created by metalsmiths 
between the 16th and 
19th centuries in what is 
now Nigeria, were made 

of metal originating from 
Germany. Chemical 
analyses show the links 
between the Benin Bronzes 
and brass rings produced 

in Germany's Rhineland 
region that were used as 
currency during the trade 
of enslaved African people 
(PLoS One, DOI: 10.1371/ 
journal.pone.0283415). 


US reservoirs drying 
up due to warming 


Climate change is 
increasing the rate of 
evaporation at reservoirs 
across the US. The effect 
is most significant in 

the south-west, where 
reservoir levels are already 
at record lows amid a 
megadrought and decades 
of overuse (Earth’s Future, 
doi.org/j45n). 


Invasive python 
lays record 96 eggs 


Awild Burmese python 

in Florida has laid 96 eggs 
in one go - the most ever 
documented for this 
species. The average 
clutch size for these 
snakes is about 50 eggs 
(Reptiles & Amphibians, 
doi.org/j45m). 
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The Rockies and the 
Badlands: Geology and 
dinosaurs in Canada 


This tour of the majestic Rocky mountains 
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to the east explores the stunning scenery and 
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the present - a tale that includes massive reefs, 
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Rocky mountains and, more recently, the ice 
sheets that carved out Alberta's spectacular 
landscapes. 
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Red in tooth and claw 


It is hard to be honest with children about how nature really works, but 
we need to acknowledge the suffering of wild things, says Richard Smyth 


4 e believe all species 
should be herbivorous” 
seems an ambitious 


mission statement. It doesn’t 
seem any less ambitious when it 
is followed by the declaration that 
“currently we use donations for... 
online promotion, and equipment 
needed for podcasting. In the 
future we would like to have 
enough to hire researchers.” 

But this is where the 
“herbivorisation” project, an 
idea taking shape on the fringe 
ofthe fringe, is at. Headed by 
philosopher David Pearce, futurist 
Adam James Davis and ethicist 
Stijn Bruers, Herbivorize Predators 
aims to develop a way “to safely 
transform carnivorous species 
into herbivorous ones”, thereby 
minimising the sum total of 
suffering in the world. 

Itis difficult to take the idea very 
seriously. One predator biologist 
I spoke to called it “pretty shaky” 
and “completely misguided”. 
Another told me it was too 
ridiculous to comment on. I can 
see why. The whole thing reeks 
oftechnophile overreach. By 
any measure, predation is a key 
component of Earth’s ecological 
engine. Taking it away is almost 
impossible to imagine, except as 
the most wafty of hypotheticals. 

But is there, perhaps, a case for 
making room to think and talk 
more about the suffering of wild 
things? In a recent piece for Vet 
Record, the journal of the British 
Veterinary Association, Alick 
Simmons, an animal ethicist 
and the UK government’s former 


MICHELLE D‘URBANO 


deputy chief veterinary officer, 
noted that “we treat our animals 
inconsistently”. We have, argued 
Simmons, created standards of 
care that vary wildly depending 
on whether a creature is wild, kept 
as a pet, farmed, used in research, 
hunted or considered a pest. 
Slaughterers and those using 
animals in scientific research 
are held to stringent welfare 
standards. Meanwhile, pest 
controllers and gamekeepers 
carry on more or less as they 
please. All animals are equal, but 
some are more equal than others. 
We could even look beyond 
the harm caused by humans 


and reflect on the scale of animal 
suffering that might not be our 
fault, but that we nevertheless live 
among, everywhere, all the time, 
without ever really thinking much 
about it. The stark calculations of 
philosopher and animal activist 
Oscar Horta, for example, suggest 
that each time a single cod 
reproduces -turning out perhaps 
2 million eggs, almost all of 
which die — “we can expect that 
200 billion seconds of suffering 
is experienced”. This, Horta 
mercilessly adds, amounts to 
6337.7529 years of suffering. 

Ihave been trying to come to 
terms with this kind of reality, not 


Culture columnist 
Simon Ings on LOLA, 
a sci-fi about the fight 
against Hitler p36 


as aconservationist or an ethicist, 
but as a parent of two small 
children. It isn’t hard to show 
kids the beauties of nature: they 
are right there every time we walk 
in a wood or turn on the latest 
BBC wildlife documentary. 

What is harder is to tell the story 
of how all this beauty is made. 
Evolution -the slow-grinding mill 
that, in coldly sorting benefit and 
cost, has turned out every variety 
of bird, mammal, plant, insect, 
sponge, fungus and protist that 
ever lived -is a horrible way to 
make wonderful things. 

It is difficult to be honest with 
kids about how wildlife really 
works -about how the blue tits 
over the road will lose about 
80 per cent of their chicks 
every spring or how, of those 
newly hatched turtles David 
Attenborough is carefully 
stepping around, 999 out of 
1000 will die before they grow 
up. This is because most of 
us aren’t in the habit of being 
honest about it with ourselves. 

It is brutal out there. But the 
question, contra the herbivorisers, 
needn't be “what do we do about 
this?” We can simply ask of 
ourselves that we face it squarely 
and see it clearly, and that we 
don’t flinch from it when we think 
about the meaning of nature, the 
meaning of wildlife. I 


Richard Smyth is author 
of The Jay, The Beech and 
the Limpetshell: Finding 
wild things with my kids 
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Views Columnist 


Annalee Newitz is a 

science journalist and 

author. Their latest novel 

is The Terraformers and 

they are the co-host of the 
Hugo-winning podcast 

Our Opinions Are Correct. 
You can follow them 
@annaleen and their website 
is techsploitation.com 


Annalee’s week 


What I’m reading 
The Mimicking of 
Known Successes by 
Malka Older, a cosy, 
Sherlock Holmes-style 
mystery set on Jupiter. 


What I’m watching 
John Wick: Chapter 4, 
which continues this 
franchise’s tradition 

of being more fun and 
making even less sense 
than the previous movie. 


What I’m working on 
Researching slime 
moulds, because who 
doesn’t want to be a 
hydrophobic bag of 
goo full of nuclei? 


This column appears 
monthly 
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This changes everything 


Finding a new home online Plenty of people disagree on Mastodon, 
but unlike on Twitter, I have experienced no cruel reprisals. Could this 
be a social media platform to trust, asks Annalee Newitz 


T HAS been nearly six 
J ments since Twitter’s 
transformation from iconic 
social media platform into the 
eccentric personal project of 
tech billionaire Elon Musk. 
I abandoned my account 
last November, save for work 
announcements -I didn’t want to 
stick around and watch the place 
fall apart. Still, I craved a digital 
hangout where I could connect 
with friends and colleagues, test 
out my half-baked ideas and look 
at cute pictures of capybaras. 

Itried out several platforms, 
from newcomers like Post to 
the well-established TikTok, and 
nothing felt right. How do you 
know when you have found an 
online community that fits? 

After living through at least 
three generations of social media 
abandonments, starting with 
BBSes, or bulletin board systems, 
I actually have a pretty good idea. 
Isearch for that feeling I get when 
travelling to a city where the mix 
of shops, public libraries, cafes and 
parks gives me an ineffable sense 
of belonging. It is personal and 
idiosyncratic- obviously not 
everyone cares about libraries as 
an urban amenity — but it is also 
social: an intimation that there are 
many places to meet people who 
share my interests. 

As I set up my Mastodon 
account and searched for people 
to follow, it was as if I found 
myself on a wide boulevard with 
shady trees, odd little storefronts 
and laboratories full of chatty 
scientists who wanted to tell me 
about their research. I reconnected 
with people I had known years 
ago, but lost in a previous social 
media abandonment era. I made 
delightful new acquaintances. 
We joked about The Mandalorian 
and made software puns and 
discussed our jobs. 

After a few weeks of friendly 


patter and small talk, I got into a 
complicated debate on Mastodon 
about the politics of social media. 
A post of mine had gone viral 
and a lot of people were replying. 
I braced myself for Twitter-style 
abuse and bad faith clapbacks 
that didn’t actually address the 
concerns I had raised. 

Hours went by, then days. 
Plenty of people disagreed with 
me, but generally they did it by 
explaining their own positions 
and making suggestions about 
how I could rethink my own. 

I found myself reconsidering 
my ideas. I learned a lot. Slowly, 
I stopped cringing at the 


“It occurred to me 


that, for years, I had 
been part ofa vast, 
unacknowledged 
psychological war 
on Twitter” 


gargantuan discussion thread 

I had spawned. Instead, Ilooked 
forward to reading what people 
had to say. 

What is this strange feeling I am 
having ona social media platform, 
I wondered. Then I realised: it was 
the first glimmer of trust. Warily, 
I posted a few more serious 
comments, and still received 
no cruel reprisals. Instead, I got 
constructive feedback from 
people who weren’t out to win 
a fight. It occurred to me that, for 
years, I had been part ofa vast and 
unacknowledged psychological 
war on Twitter and I had 
completely forgotten the joys 
ofa peaceful conversation with 
strangers. Pretty soon I was no 
longer a Mastodon tourist. I had 
moved in. 

I have heard critics say that 
Mastodon is too difficult to figure 
out because it is decentralised, 
which means you sign up fora 


specific Mastodon server instead 
of joining one massive corporate 
entity like Facebook or Twitter. 
Oddly, nobody ever makes this 
complaint about email, which is 
decentralised in exactly the same 
way. You don’t “join email”. You 
sign up for a specific email service 
and it delivers your mail to people 
on different services. 

Mastodon has the same model. 
You can pick a server, sometimes 
called an “instance”, from a helpful 
list of open servers maintained by 
Mastodon creator Eugen Rochko 
and his team. Many newbies start 
on Mastodon.social, which is run 
by Rochko himself. Once you 
are on a server, you can follow 
and be followed by people on any 
instance, or search for subjects 
you like using hashtags. 

Other social platforms, such as 
Medium and Tumblr, are setting 
up Mastodon instances, so you 
can also follow friends you know 
from those social networks, too. 
That is the joy of Mastodon, which 
runs on a protocol that joins many 
disparate social media sites into 
a shared “Fediverse”. All of your 
posts can travel freely between 
servers and apps, just as emails 
do. And if you find a server you 
like more than the one where you 
started, Mastodon makes it easy to 
move your posts and friends there. 

Will Mastodon replace Twitter? 
Absolutely not. I don’t think we 
will ever have something like 
Twitter again, because social 
media has entered its classic 
era. It has gone from a few big 
networks to thousands of small 
and medium ones. We have also 
outgrown the need for cutesy, 
specialised language like 
“tweet” and “retweet” to explain 
what we are doing. We are just 
writing things, sharing stuff and 
talking to friends and strangers. 
Sometimes, it feels as ordinary 
and comforting as home. I 
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THESE inquisitive sheep (bottom 
right) are on their way home after 
a hard day’s grazing among the 

71 hectares of solar panels at a 
solar farm in Sant’Alberto, Italy, 

a small area about 14 kilometres 
north of Ravenna. 

The solar farm works in 
synergy with the Buon Pastore 
dairy and sheep farm, with the 
sheep helping to maintain the 
turfareas. The solar panels are 
capable of generating a peak 
of 35 megawatts of electricity. 

The project is one of several 
captured by photographer 
Luigi Avantaggiato for his 
new series Islands of Energy, 
which focuses on examples 
of Italian sustainability of all 
sizes. These aren't big players like 
British Gas or the Italian energy 
provider Eni, says Avantaggiato. 
On the contrary, he says, they 
are “heroes” — sustainability 
outsiders whose models of 
self-production and electricity 
consumption make a real 
difference in the energy crisis. 

To the left of the sheep is 
a view of the entrance to the 
cellar of the Salcheto winery in 
Montepulciano. Vertical gardens 
and a recovery system for natural 
ventilation insulate it from the 
summer heat without resorting to 
air conditioning. Inside, the cellar 
(pictured at top left) is lit naturally 
using solar collectors and curved 
mirrors to channel sunlight into 
its various levels. It is “very 
charming”, says Avantaggiato. 

A hydroelectric plant on the 
Esino river at Angeli di Rosora 
is pictured at top right. The plant 
is part of an electricity network 
that powers the Leaf Community, 
the first ecologically sustainable 
community in Italy. I 


Alison Flood 
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Views Your letters 


Editor’s pick 


Ideas on the meaning 
of cave art hand stencils 


18 March, p 38 

From Greg Watson, 

Albany, New York, US 

You report that prehistoric hand 
stencils on cave walls with various 
digits missing could represent a sign 
language. I am a computer scientist, 
not a linguist, so | have a different 
take on the matter. 

It looks to me like the 10 different 
hand signs (out of a possible 32) 
seen in Gargas cave in France are 
away of efficiently counting to a 
number greater than 5 with one 
hand, for example when the other 
hand is occupied holding a spear 
or some other type of weapon. 
They may represent 1 to 10, or 
possibly even larger numbers. 
From Linda Dawe, 

Chesham, Buckinghamshire, UK 
The cave stencils look like tic-tac 
hand signals used by bookmakers 
to communicate betting odds at 
race courses to me. Perhaps they 
were valuable when out hunting. 
My granddaughter learned sign 
language before she could talk, 
and the recent television series 
Chris Packham’s Animal Einsteins 
showed hand gestures that were 
identical among chimps, bonobos 
and human toddlers. It isn’t so 
surprising that early humans 
communicated with sign language 
and recorded it on cave walls. 


From Warren Buckles, 

Madison, Wisconsin, US 

No right hands are shown in the 

illustrations or photos in your 

story, leading me to believe all 

the cave stencils are of left hands. 
Asa left-handed person, 

I wonder if any of the stencil- 

makers were left-handed and, if so, 

why they didn’t stencil their right 

hands. In addition, if these did 

represent a form of sign language, 

was it a left-hand only language, 

with the right hand reserved for, 

perhaps, holding a weapon 

while communicating? 
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From Lyn Williams, 

Neath, West Glamorgan, UK 

The hands could represent signals 
used while hunting animals, as 
suggested, but perhaps we are 
seeing an early classroom, and the 
stencilled wall is a blackboard to 
teach youngsters which gesture 
corresponds to each animal. 


Is Venus volcano a sign of 
planetary nuclear activity? 


25 March, p 20 

From Jim McHardy, Clydebank, 
West Dunbartonshire, UK 

Recent evidence of volcanism 

on Venus could be due to the 
continuing, very slow fission 

of uranium and the decay ofits 
various daughter products, the 
result of an earlier, natural nuclear 
reaction deep underground. 
Similar natural reactors have been 
found on Earth close to the surface 
in Oklo in Gabon. If this is the case, 
it also supplies evidence for the 
existence of water on Venus, as 
water is required to moderate 

any sustained chain reaction. 


Great to get some advice 
on longer-term thinking 
25 March, p 46 

From Bryn Glover, Kirkby 
Malzeard, North Yorkshire, UK 

I greatly welcomed Richard 
Fisher’s article on far-sighted 
thinking for its clear explanation 
of why most governments of 
high-income countries have 
failed to tackle climate change, 
and also for its pointers on how 
to adopt a long-term mindset. 


It isn’t just humans that 
block the flow of rivers 
25 March, p 42 (UK edition) 
From Dave Holtum, Bath, UK 
In Graham Lawton’s excellent 


summary of the state of British 
rivers, the issue of fragmentation 
by dams and other obstacles is 
mentioned, and it is stated that 
the defining characteristic of 
natural rivers is that they flow. 

I wonder if this is entirely true. 
Iestimate that the population of 
beavers in the UK in prehistoric 
times must have been about a 
million. They would have built 
far more than the 50,000 human 
barriers quoted in the article. 


One solution to light 
pollution for stargazing 
4 March, p 51 
From John Ozmore, 
Fayetteville, Arkansas, US 
Your article made me ponder 
the light pollution that spoils 
our view of the night sky. I can 
see well in the dark without light 
to blind me and] get around fine 
in the woods at night without 
artificial light. However, if there 
is even a peripheral passing of 
white light, it will take my night 
vision a few minutes to recover. 
Ona continuous, 300-kilometre 
hike, my headlamp had white, 
red, blue and green beams. The 
blue light was disorienting and 
I never used it, while the red was 
so negligible that I could find 
what I needed without it. 
The green beam provided 
me with ample light over a broad 
range and, vitally, it didn’t destroy 
my night vision. Something as 
simple as replacing street lights 
with green bulbs could reduce 
light pollution for stargazing. 


Chris Packham is right, 
but how do we get there? 
25 March, p 27 

From Mike Clarke, 


Castle Hedingham, Essex, UK 
Chris Packham’s article should be 
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applauded for its clear statement 
of the obvious: a need to achieve 
a sustainable human population 
in balance with the available 
renewable resources. 

The problem is that he, like 
most commentators, provides 
no advice on how this can actually 
be achieved on the scale or in the 
timescale necessary. It is going to 
take more than a few thousand or 
hundreds of thousands of people 
attempting to cut back on their 
carbon footprint to get anywhere 
near a sustainable planet. 

The depressing and the most 
likely outcome is the occurrence 
of catastrophic events that 
drastically reduce our species’ 
ability to consume as muchas at 
present, followed by a complete 
shift in the way we organise to 
exist and consume. 


On the pros and cons 
of video games for kids 


18 March, p 27 
From Mike Raynor, 
Glossop, Derbyshire, UK 
Naomi Fisher describes how video 
games enriched her children’s 
lives and how she bonded with 
them over shared gaming 
experiences. As a parent and avid 
childhood gamer, I agree that it 
can be a very positive experience. 
Iam suspicious of any wholly 
negative coverage of gaming, 
which can border on snobbery. 
However, it is important to 
acknowledge that hours spent 
playing computer games can 
seriously disrupt the doing 
of homework. Gaming can be 
addictive and excessive gaming 
comes with an opportunity cost. 


From David Hulme, Stockport, 
Greater Manchester, UK 

Iam forced to side with Fisher 

in her view that we should take a 
more positive approach to video 
games among children, especially 
when my grandson told me 
recently that he earned points ina 
history lesson with his knowledge 
of Vikings and ancient Greece 
gained by playing such games. If 
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Marvellously multilingual 


From staving offthe symptoms of dementia to thinking better, 
speaking many languages is all upside, finds Vijaysree Venkatraman 


Book 

The Power of Language 
Viorica Marian 

Pelican Books/ 

Penguin Random House 


AT THE paediatrician’s clinic, 
anurse told Viorica Marian, a 
native speaker of Romanian, to 
use only English with her US-born 
daughter. Speaking another 
language would “confuse” the 
child and hurt her long term, the 
woman said. This happened more 
than a decade ago, yet it is still 
common advice for immigrants in 
the US. It is also completely wrong. 

In her new book, The Power of 
Language, Marian -a Moldovan-US 
linguist — draws deeply on research, 
some of it her own, most recently 
at Northwestern University 
in Illinois. She explains how 
language operates and how we 
can harness languages to enrich 
our lives, as individuals and 
societies. She makes a convincing 
case that being bilingual- or 
better still, multilingual- can 
work wonders for the brain. 

When people who are bilingual 
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use one of their languages, she 
explains, the other one is active, 
in parallel, in their brains at the 
same time. As a result, the 
executive control system, which 
Keeps us focused on what is 
relevant, is constantly honed. 
Just as exercise changes our 
bodies, this mental activity 
rewires the bilingual brain. 

A buff executive control system 
gives bilinguals certain cognitive 
and social advantages even at 
a young age -they are good at 
multitasking, for instance. And if 
they go on to develop Alzheimer’s 
disease or another form of 
dementia, writes Marian, the 
onset of symptoms occurs 
five years later on average 
compared with their monolingual 
peers with the same anatomical 
change to the brain. 

“Ifthe brain is an engine, 
bilingualism may help to improve 
its mileage, allowing it to go 
farther on the same amount 
of fuel,” writes Marian. And the 
benefits aren’t exclusive to people 
who were raised bilingual: they 
are also seen in those who learn 
a second language later in life. 

It is, the author emphasises, 


really never too late — or, indeed, 
too early — to start learning 
another language. 

Because language and culture 
are intertwined, bilinguals may 
have different mindsets for each 
language. “Just as H20 can bea 
solid, a liquid, or a gas depending 
on temperature, a person can be 
a different version of themselves 
depending on which language 
they are using,” she writes. 


“Bilingual people have 
certain cognitive and 
social advantages even 
at a young age, such as 
multitasking” 


The idea that various versions 
of the self can coexist in a speaker 
of many languages seems too 
romantic even to a bilingual like 
me, so let us consider some 
plainer ramifications. 

For instance, writes Marian, 
when people who are bilingual in 
Mandarin and English were asked 
to name a successful woman with 
physical disabilities, they were 
more likely to mention US author 
Helen Keller when they were 
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Speaking more than 
one language does 
wonders for the brain 


speaking English and Chinese 
writer Zhang Haidi when speaking 
Mandarin. They knew both 
answers, but what came to 

mind depended on the language 
they were using when asked. 

This doesn’t just apply to 
hard facts. The finding that the 
accessibility of memories varies 
across languages has implications 
for interviewing bilingual 
witnesses in legal cases, writes 
Marian, who has been an expert 
witness in a legal case involving 
questioning a bilingual person. 

Similarly, when providing 
psychotherapy (see page 38), 
therapists must be aware that 
the likelihood ofa bilingual client 
remembering something rises if 
you are using the same language 
that was used when the original 
event occurred, says Marian. 

The majority of the world’s 
population is bilingual or 
multilingual, she reports. Yet 
speakers of dominant languages- 
associated with countries with 
more economic power- seem less 
keen on learning a new language, 
Marian points out wryly, perhaps 
because the consequences of 
multilingualism are minimised, 
misunderstood or even politicised. 

This book comes packed with 
evidence-backed insights about 
the power of language. And the 
“codes we use to think, speak, 
and live” -reflected in the subtitle 
of the US edition - makes for an 
endlessly fascinating topic. 

After reading this book, 
you might want to download 
alanguage-learning app or sign 
up for a language class to expand 
your linguistic horizons. I 


Vijaysree Venkatraman is a writer 
based in Boston, Massachusetts 


A waiting game 


Why do new traits in evolution and human culture often 
stay dormant? Michael Marshall finds some intriguing answers 


G 


Book 

Sleeping Beauties 
Andreas Wagner 
Oneworld Publications 


THE world’s grasses waited a long 
time for their day in the sun. They 
evolved in the late Cretaceous, not 
long before the dinosaurs were 
wiped out. But for tens of millions of 
years, they were rare. Only relatively 
recently have parts of Earth become 
dominated by sweeping grasslands. 

Sleeping Beauties: The mystery 
of dormant innovations in nature 
and culture argues that, in both 
evolution and human technology, 
innovations must often wait a 
long time before they find a use 
and become commonplace. 

It is a fascinating argument, 
told in an engaging and clear style, 
that reminds us just how creative 
evolution can be. The author is 
Andreas Wagner, an evolutionary 
biologist at the University of Zurich 
in Switzerland, whose most notable 
previous book was Arrival of the 
Fittest in 2014. There, he set out 


This landscape of an African 
savannah, with its sweeping 
grasses, is evolutionarily recent 


to explain why evolution is so good 
at producing new and useful traits, 
even though genetic mutations 
occur at random. His answer was 
twofold: there are many ways to 
solve the same problem and 
biological structures are often 


relatively resilient to minor changes. 


Wagner's new book builds on 
this. He explains that evolution is 
so creative it commonly endows 
organisms with traits they don’t 
need, which can linger for 
generations and become useful 
if circumstances change - the 
“sleeping beauties” of the title. 
This is true in human culture too, 
he says, as people can invent 
technologies (often many times 
and independently) decades or 
centuries before they are successful. 
Grass is one of Wagner's favourite 
examples of a sleeping beauty. 
Crucially, the turning point was 
an environmental shift, not an 
evolutionary change in the plant. 
We often think an innovation 
only spreads once it has been 
perfected. Sometimes that is true: 
smartphones were pretty niche until 
the first iPhones with easy-to-use 
touchscreens. But often, Wagner 
writes, the innovation is fine, 
but the environment is wrong. 
It is possible to quibble with 


ARTE INDEX/ISTOCKPHOTO/GETTY IMAGES 


some of his arguments. Wagner 
suggests, for example, that the 
visual processing centres of human 
brains were primed for reading 
long before alphabets. He cites 
experiments showing that most 
letters in most alphabets use lines 
and angles common in the natural 
world, and which our brains are 
therefore adapted to perceive. 
| don’t doubt the experiments, 
but they tell us that people tend to 
devise alphabets with characters we 
can easily distinguish. This doesn’t 
mean our brains were primed for 
reading’s core challenge of making 
links between abstract shapes, 
sequences of sounds and meanings. 
However, this doesn't affect 
Wagner's central arguments. He says 
the key to nature's inventiveness 
is the sheer number of organisms 
and mutations that arise every year, 
which means a useful innovation 
is likely to turn up somewhere. 
And while we tend to see biological 
molecules, such as proteins, as 
having a core function, most can 
do many things, giving evolution 
even more scope. The same is true 
of technology, notes Wagner, with 
many ways to build a refrigerator. 
The fecundity and versatility of 
biochemistry is also important for 
the origins of life, a question he only 
touches on. Many researchers are 
preoccupied with the idea that 
life's mechanisms are precise and 
interdependent. This makes it hard 
to envision a simple, primordial 
organism: stripping away many 
systems ought to be fatal, but 
the multifunctionality of most 
biochemicals suggests that this 
is less of a problem than it seems. 

It may be that Wagner's sleeping 
eauties aren't just essential for 
nderstanding recent evolution, but 
or understanding how evolution 
egan in the first place. I 
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Michael Marshall is a writer based 
in Devon, UK 


Don’t miss 


Watch 


Mrs Davis stars Betty 
Gilpin (above) as a nun 
facing off against an 
all-seeing, ever-helpful 
artificial intelligence, 

the titular Mrs Davis. 
The comedy streams on 
Peacock from 20 April 
(US) and on Now TV and 
Sky later this year (UK). 


Read 


A Wing and a Prayer 
reveals the novel, 
sometimes perilous 
rescue work to save 
North America’s 
vanishing birds. 
Journalists Anders 
and Beverly Gyllenhaal 
talk to scientists and 
birders. On sale from 
18 April (UK/US). 
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Read 


The Power of Trees 

is a love letter of sorts 
from Peter Wohlleben, 
author of The Hidden 
Life of Trees. He argues 
that human futures 
depend on us preserving 
our ancient forests and 
their knowledge. On sale 
from 20 April (UK/US). 
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Views Culture 


The film column 


Back from the future In England, the second world war looms and two young 
women let intelligence services use a machine they created that intercepts future 


broadcasts. Simon Ings relishes a counterfactual that needed a bigger budget 


Simon Ings is a novelist and 
science writer. Follow him on 
Instagram at @simon_ings 
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Film 

LOLA 

Andrew Legge 

In UK and US cinemas now 


Simon also 
recommends... 


Film 

Zelig 

Woody Allen 

Available on DVD 

A man with no discernible 
personality becomes all 
things to all people, and 

a spear carrier at dreadful 
junctures of history, in this 
inventive mockumentary. 


Book 

The Manin 

the High Castle 
Philip K. Dick 

Penguin Classics 

In the right hands, the 
trope of Axis powers 
winning the second world 
war becomes a moving 
meditation on chance, 
fate and personal ethics. 
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SIGNATURE ENTERTAINMENT 


TWO sisters, orphans, play among 


the leavings of their parents’ 


experiments in radio. By 1938, the 


one whois a genius, Thomasina, 
or Thom (Emma Appleton), is 
listening to David Bowie’s Space 
Oddity on a ceiling-high TV set 
that can tune in to the future. 
The politics ofthe day being 
what it is, Thom’s sister Martha, 


or Mars (Stefanie Martini), decides 


this invention —LOLA, after their 
dead mother- can’t remain their 
plaything. It belongs to the world. 


With the help of Sebastian (Rory 


Fleck Byrne), a sympathetic army 
officer with whom Mars falls in 
love, they are soon working with 
British intelligence to fox Nazi 
operations a day before they 
happen. Drunk on success, Thom 
lets ambition get the better of her 
and starts sacrificing the civilians 
of tomorrow in order to draw out 
the Wehrmacht. When a horrified 
President Roosevelt catches wind 
of this, it spells the end of Winston 
Churchill’s efforts to draw the 
US into the war against Hitler. 
Good intentions, ambitious 
plans and unintended 
consequences usher the world 


into hell in this often stunning 
piece of micro-budget science 
fiction. As high-concept movie 
ideas go, LOLA’s counterfactual 
20th-century history is up there 
with Memento and Primer. 

There is a “but” hovering 
here. For some reason, director 
and co-writer Andrew Legge seems 
neither to have finished the script, 


“Gasp at Nazis waving 


their swastikas over 


bombed-out London 


or Adolf Hitler driven 
in state down The Mall” 


nor given his actors much 
directorial guidance. LOLA is 
more a short story narrated to 
a visual accompaniment than 
a fully fledged film. Thom and 
Mars are supposed to be 1930s 
women transfigured by their 
access to glimpses of 1960s 
pop culture, but it is impossible 
not to see them for what they are, 
personable young actors from the 
2020s let loose to do their thing. 
This makes LOLA a good movie, 
rather than a great one -and that 


Thom (left) and Mars 
with LOLA, amachine 
they created 


is ashame. Some extra script work 
and a spot of voice coaching would 
have hardly added much to LOLA’s 
tight budget. Legge made The 
Chronoscope in 2009, a 20-minute 
foray into the same territory- 
peering into the future, again from 
the 1930s. LOLA is more solemn in 
tone, but no more serious in its 
themes, as though Legge were 
intimidated by the possibilities 
offered by the feature format. 

Elsewhere, the film’s resources 
are deployed with flair and 
ingenuity. LOLA is a highly 
convincing assembly of found 
footage and home movies. 
Famous period radio broadcasts 
are repurposed to chilling effect. 
The manipulations of newsreel 
footage are fairly crude technically, 
but I defy you not to gasp at the 
sight of Nazi invaders waving 
their swastikas over a bombed-out 
London or Adolf Hitler being 
driven in state down The Mall. 
And Neil Hannon (the maverick 
talent behind band The Divine 
Comedy) has an indecent amount 
of fun cooking up the beats of 
a counterfactual fascist Top 10. 

These days, British and Irish 
film-makers face stark choices: do 
you make your movie as quickly as 
possible, on the lowest budget, get 
it seen and generate interest? Or 
spend years in development hell, 
working with overseas production 
companies that don’t know ifthey 
can trust you, and, with many 
millions of dollars on the line, 
are likely to homogenise your 
project out of recognition? 

I wish this film had impressed 
me less and involved me more. 
But in a business this precarious, 
Legge’s choices make sense, and 
LOLA is an effective and enjoyable 
calling card. U 
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Therapy 
in the 
spotlight 


It is more available than ever before, but 


how do we know psychotherapy works 
and which kind is best for you? 
Sam Ephron investigates 


OU can say what you like about the 
Yrs: generation, but you can’t fault 

their dedication to mental health. In 
recent years, with a little help from a global 
pandemic, they have brought therapy firmly 
into the mainstream. From therapists on TikTok 
offering 60-second videos on everything from 
trauma to perfectionism, to Al-based chatbot 
apps, it has never been easier to get advice on 
improving your mental health. 

More formal therapy is easier to come by too, 
with many therapists operating online and the 
rise of platforms such as BetterHelp, which 
matches people with those therapists. In fact, 
with all this new availability, you might wonder 
whether we should all be giving therapy a try. 

But where to start? With a bewildering variety 
of options, from talk therapies to body-based 
approaches — and even those involving fantasy 
games like Dungeons & Dragons — it is hard to 
know how to choose, never mind how likely it 
is that any of them will work for you. 

Until recently, science could offer little 
assistance. People and their problems are, 
by definition, individual, so it has proven 
difficult to compare like with like. And with 
estimates suggesting there are more than 
500 types of therapy on offer, most yet to be 
tested in rigorous trials, linking outcomes to 
particular treatments is difficult. 

But things have begun to change. In the past 
few years, scientists have made a concerted effort 
to better understand not only what therapy does 
to the brain, but also who it helps and why. In 
the process, they have even found that it can 
sometimes do more harm than good. 

Psychotherapy is a catch-all term that 
describes the application of ideas from the 
field of psychology to treat mental or emotional 
problems. Psychology has moved on from the 


Features Cover story 


early days, when Sigmund Freud asked people 
to recline on his couch, and the number of 
therapeutic options has grown too. Modern 
therapy draws on various schools of thought. 
Some focus on the mind and brain, or on our 
relationships with others, or the connection 
between body and mind. 

Demand for the services of therapists is rising. 
The US, which you might say is the spiritual 
home of talking therapies, has seen a steep 
rise in people seeking therapy, from around 
27 million in 2001 to 42 million in 2020. The 
impact of covid-19, particularly the lockdowns 
imposed to control it, has since stimulated 
demand further. Last year, the World Health 
Organization said the pandemic had triggered 
a 25 per cent increase in anxiety and depression 
globally. Ninety per cent of countries have 
included mental health support in their 
response package to covid-19. 

All of which sounds like great news, 
provided therapy works. So does it? 

Ifyou ask therapists working with people 
with mental health conditions, the answer 
is a resounding yes. The UK Council for 
Psychotherapy (UKCP), a professional body 
representing Uk-based therapists, points to 
combined analyses of hundreds of different 
studies. These meta-analyses show that 
psychotherapy is effective in both the 
short and long term for most mental health 
conditions, including depression and anxiety, 
and is at least as effective as medication. 

But the evidence base is far from unequivocal. 
A 2017 umbrella review of meta-analyses of 
randomised controlled trials, widely considered 
the gold standard when it comes to gathering 
reliable evidence, found that 80 per cent of them 
came down in favour of psychotherapy working 
to some degree. The problem is that only > 
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How to choose 
a therapy 


For anyone looking for 
a purely evidence-based 
approach, and assuming 
you have the resources 
to choose, cognitive 
behavioural therapy (CBT) 
may be a good place to start. 
As the most widely studied 
type of therapy, it has the 
strongest evidence base. It 
also comes recommended 
by the National Institute for 
Health and Care Excellence 
in England and Wales 
to treat a wide range of 
issues, including anxiety, 
depression, phobias, 
obsessive compulsive 
disorder and post-traumatic 
stress disorder. It is widely 
available in person and 
online, and is offered on the 
National Health Service in 
the UK and covered by many 
health insurance providers 
in the US and elsewhere. 
CBT aside, the evidence- 
base for particular therapies 
is small so far. For those 
with the means to choose, 
deciding on a type of therapy 
therefore largely comes 
down to personal preference. 
Many forms of therapy 
span multiple schools of 
psychological research and 
therapists often use multiple 
approaches based on the 
needs and preference of the 
client. Most will often offer 
a trial session to help both 
therapist and client decide 
whether they can make the 
relationship work. 
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7 per cent of the studies in question provided 
convincing evidence that psychotherapy is 
effective. That proportion covered 16 studies, 
six of which involved cognitive behavioural 
therapy (CBT). Many of the rest involved a 
mixture of different types of psychotherapies. 

According to Evangelos Evangelou, a clinical 
epidemiologist at the University of loannina 
in Greece, who was an author on the umbrella 
review, lumping together many small studies in 
this way is part of the problem when it comes 
to trying to objectively assess what works. 
“These factors introduce a significant number 
of biases in psychotherapy research,” he says. 

CBT, which involves a therapist helping a 
person make connections between thoughts, 
emotions and behaviour, is the best-studied 
type of therapy. This is partly because it is 
relatively simple to evaluate a user’s progress 
via standardised questionnaires. That kind 
of evaluation “has demonstrated that, very, 
very crudely, roughly half of people treated 
will gain benefit”, says Simon Heyland, 

a psychotherapist based in the 
West Midlands, UK. 

What this also means, of course, is that 
roughly half of those who try it don’t benefit. 
The puzzle is why it works for some people 
and not others — and whether a different 
kind of therapy might work better. With 
so little research comparing different 
modes of therapy, it is difficult to know. 

In March 2016, the European College of 
Neuropsychopharmacology held a meeting 
in Nice, France, to begin to address the problem 
and work towards a better understanding of 
whether and how therapy changes the brain 
and behaviour. Doing so should help us move 
towards more evidence-based treatments. 

Research of this sort is beginning to bring 
results. Studies of anxiety disorders, including 
panic disorder, have shown that symptoms 
are associated with hyperactivity in the brain 
circuits involved in monitoring threats and 
processing fearful memories. Now, studies are 
looking at whether specific types of therapy 
make meaningful changes to those circuits. 

Arandomised controlled trial published 
in 2018 used functional magnetic resonance 
imaging (fMRI) to study changes in brain 
activity in key regions involved in threat 


monitoring in 28 people diagnosed with panic 
disorder. Half ofthe group underwent four 
sessions of CBT focused on strategies for 
regulating emotions in fearful situations. 
The other half were assigned to a waiting list. 
After four weeks, the CBT group showed 
reduced hyperactivity in these brain regions 
when shown fear-provoking images while 
their brains were scanned. In particular, 
activity in the amygdala, a region involved 
in threat detection, reduced to levels seen 

in people without panic disorder after CBT. 
Seventy-one per cent of thez CBT group 
could be considered to be in recovery 

based on symptoms compared with just 

7 per cent of controls. 


Role-playing games 
are used in some 
forms of therapy 


“Studies 
suggest that 
cognitive 
behavioural 
therapy can 
change the 


brain” es 
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This would suggest that CBT can change 
the brain in meaningful ways. Yet other studies 
suggest it isn’t as simple as assuming that one 
therapy leads to one type of brain change. 

In fact, a 2019 study found that two very 
different therapies had remarkably similar 
effects on the brain. In it, researchers 
compared the effects of CBT and Eye 
Movement Desensitisation and Reprocessing 
(EMDR) therapy on the brain connectivity 
patterns of people with post-traumatic stress 
disorder (PTSD) after a deadly earthquake 
in Italy in 2002. EMDR, which involves an 
individual making side-to-side eye movements 
while they think about the traumatic 
experience, is approved by the US Food and 
Drug Administration and supported for use 
in England and Wales by the National Institute 
for Health and Care Excellence and the World 
Health Organization. However, it has been 
controversial because there has been little 
agreement about whether the eye movements 
affect emotional processing and, if so, how. 

In the study, 31 volunteers had fMRI scans 
before and after four sessions of CBT or EMDR. 
The results showed that the treatments were 
equally effective at reducing clinical symptoms 
of PTSD and that both resulted in increased 
connectivity between the bilateral superior 
medial frontal gyrus, which is involved in 
cognitive control, and the right temporal 
pole, which is involved in memory and 
emotional processing. 

Both interventions also led to decreased 
connectivity between areas that process visual 
information and those involved in memory. 
The researchers speculated that, taken together, 
these brain changes may explain why the 
volunteers reported fewer visual flashbacks 
after treatment, although a limitation of the 
study was that there was no control group of 
people with PTSD who received no therapy. 

It is too early to draw definitive conclusions 
from these few, small studies, but, if confirmed, 
it may turn out that the magic of therapy isn’t 
in the type you choose, but that you choose 
it at all. What also seems to be important is 
the extent to which you connect with your 
therapist. “There is alarge and growing 
bunch of evidence to suggest that the biggest 
determinant of outcomes is not the model 


of therapy, but the relationship between the 
therapist and the individual,” says Adam Jones 
at the UKCP. 

It has long been known that some therapists 
get better outcomes than others. In 1974, 
psychologist David Ricks at Harvard University 
compared the success of therapists working 
with troubled adolescents. One therapist was 
nicknamed “supershrink” by the children 
he saw, of whom only 27 per cent went on to 
develop adult schizophrenia, compared with 
85 per cent of those seeing another therapist. 
This has become known as the “therapist 
effect”. Yet despite many years of research, 
it still isn’t clear exactly what is in the 
special sauce that makes some therapists 
apparently more successful than others. 

In 2019, an American Psychological 
Association task force attempted to 
narrow it down, listing 16 factors in the 
relationship between therapist and patient 
that meta-analyses had found to contribute 
to better outcomes. These included the 
quality and strength of the relationship, 
collaboration, consensus about goals 
and an empathetic therapist. 


Confide in me 


Ofcourse, none of these factors is exclusive 
to the therapist-patient relationship, so some 
of the benefits of therapy may be achievable 
through the wise counsel of friends or family. 
In fact, earlier this year, Harvard psychiatrists 
Jacqueline Olds and Richard Schwartz 
expressed concern that the tendency 

for people in the US to confide in their 
therapists, rather than loved ones, could 

be fuelling loneliness. 

Some, however, argue that therapists can 
help people work on specific issues in ways 
that an untrained confidant couldn’t, no 
matter how well-meaning and supportive. 
Psychodynamic psychotherapy, for example, 
focuses not on thinking behaviours, but on 
relationships and feelings that tend to be “very 
patterned” from childhood, says Heyland. 
Therapy can help root out these patterns and 
challenge them. Ifa person has trouble with 
authority, for instance, that may show up in 
the interaction with the therapist, allowing > 
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them to help the client become aware of what 
is going on and learn to relate differently. 

With so much potential to enhance our 
future relationships and reconfigure our 
brains, perhaps therapy would benefit 
everyone? Jones, perhaps unsurprisingly, is 
a proponent of this view. “Mental health has 
traditionally been looked at through the lens of 
a medical model: something wrong that needs 
to be fixed. For many people, that is the case, 
but the broad approach is that it’s not what’s 
wrong with people, but what’s happened to 
people,” says Jones. Having therapy as a child or 
young adult could help people “break patterns 
before they become entrenched”, he says. 

Lucy Foulkes, an experimental psychologist 
at the University of Oxford, is more wary. She 
says there is an assumption that the worst that 
can happen is that therapy doesn’t work for 
you. “But there’s very little discussion that it 
could actually be harmful,” she says. “Nobody 
expects all medicines to work and we know 
they have side effects, but the same logic is 
not extended to psychotherapy.” 

There is some research indicating that 
therapy can occasionally do more harm than 
good. A major review of the evidence in 2007 
estimated that somewhere between 3 per cent 
and 10 per cent of individuals deteriorate after 
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look for the 


“There is very 
little discussion 
that therapy 
could actually 
be harmful” 


Using animals in 
therapy can help 
people open up 


therapy, and flagged specific interventions that 
can cause harm. The worst offenders include 
critical incident stress debriefing, in which 
people who have gone through a major trauma 
are encouraged to discuss it within 72 hours, 
and therapies that claim to help people recover 
repressed memories. 

Foulkes is concerned about potential 
negative effects in adolescents in school 
mental health interventions. Even the rise 
of awareness of mental health issues — 
particularly on social media, where many 
teenagers spend much of their time -may 
be harmful, she says. 

For adults, too, greater awareness of mental 
health issues may be a double-edged sword. 
Nick Haslam at the University of Melbourne 
and his colleagues have identified terms — 
including abuse, trauma, bullying and mental 
disorder -that have undergone “concept 
creep” in their everyday usage, with their 
definitions broadening to a potentially 
harmful extent. 

Some therapists are seeing the effects of this 
in their practices. “There is much speculation 
about whether the rise of ‘TikTok therapy’ 
is encouraging the pathologising of normal 
emotions, especially in younger people,” says 
Sally Brown, a UK-based therapist in private 
practice. She says that, while the appetite for 
education on psychological matters among 
young people isn’t necessarily a bad thing, what 
is concerning is that the biggest influencers 
often aren’t trained professionals. 

To avoid getting ill-informed advice, Jones 
advises anybody considering therapy to make 
sure that the therapist they choose is fully 
qualified and accredited by a professional 
body like the UKCP. “You might disclose 
things that you have never told anybody,” 
he says. “It is very important that you have 
trust in your therapist.” 

And anyone seeking therapy has to be 
prepared to work at it. Therapy isn’t a quick 
fix of the sort often offered by the self-help 
industry on social media. “Therapy is a 
process,” says Jones. “It takes work.” E 
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Beyond imagination 


Physicist David Wolpert says there is a world of 
concepts that human minds can never grasp — but 
we can study it anyway. He tells Abigail Beall how 


world in the same way I do. They seem 

excited when I ask if they want to go 
to the beach -their favourite place- and 
when [ask if they are hungry, they reply 
witha delighted tail wag. But until recently, 
Ihadn’t paused to wonder whether a dog can 
even understand the concept of a question. 

I was prompted to ponder this after a 

conversation with David Wolpert, who is 


I LIKE to think my dogs experience the 


based at the Santa Fe Institute in New Mexico. 


Wolpert is a polymath who has turned his 
hand to many disciplines over the years, 
including artificial intelligence, physics, 
economics and computer science. Recently, 
he has taken a deep dive into questions of 
intelligence and its outer limits. 

Ina video call, with my dogs sitting 
behind me, Wolpert talked me through 
some of his latest work, which centres on 
the nature of human intelligence. He points 
out that, just as dogs and other animals lack 


our appreciation for logic, there are 
inherent limits to human knowledge 
too. Wolpert isn’t the first to talk about 
unknown unknowns, but, in a recent paper, 
he approached this topic from a different 
angle: trying to pinpoint weaknesses 
in our reasoning so as to identify some 
of the things we can’t know. 

It is both exhilarating and decidedly tricky 
territory to navigate, but Wolpert says these 
are some of the most profound questionsin > 
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science. We have to consider them now, 

he says, because the artificial intelligence 
revolution is upon us -and machines may 
not have the cognitive limits that we do. 


Abigail Beall: You recently produced an essay 
arguing that there must be something lacking 
in our ability to understand the universe. 

What prompted you to write it? 

David Wolpert: It started when I was involved 
in an event at the Santa Fe Institute, where I 
work. There was a presentation looking at how 
it is that our brains, which were designed for 
operating in the savannah, can also be good 
at other things. This is a very old question. 

I was asked to write an essay responding 

to this puzzle. As I was considering my 
response, I kept running into a different, 
more fundamental question. 

Consider the collection ofall cognitions, 
thoughts or perceptions that are beyond the 
ability of any human to have - what will we 
ever be able to say about those? For example, 
can we even know if they exist? If so, can we say 
whether the number of cognitions or thoughts 
that we cannot have is larger than the set of 
cognitions or thoughts that we can have? 

I wrestled with the title for that essay and 
eventually called it: “What can we know about 
that which we cannot even imagine?” But I 
still don’t like that because “what we cannot 
imagine” is almost by definition ineffable. 


What conclusions do you reach about 

the limits of human thought? 

I present examples of how, responding to 
the original question about the evolution 

of human brains, one runs into that second, 
more fundamental question about things we 
can’t imagine. Then, in addressing the second 
question, I conclude that there are vastly 
more possible cognitions than can ever be 
formulated in human language. This set 

of cognitions, by definition, cannot be 
formulated, never mind investigated. 


So, there must be some way in which our ability 
to understand the universe around us fails. 

I’ve long been adamant that we must always be 
on the lookout for inadvertently assuming that 
human thought is fundamentally privileged 
in some way. We already know that we are bad 
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"i don’t think 
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humans as they 
are currently 
configured are 
where intelligent 
life stops” 


Are we as clueless 
as a paramecium 
when it comes to 
certain questions? 


at making judgements about ourselves. 

For example, studies show that people tend 
to rate themselves as being better at driving 
than average. This can’t be true for everyone, 
but we all believe it. This problem of implicit 
self-aggrandisement extends far beyond that, 
though. It is also deeply wrapped into the 
foundations ofall analysis by academics. 


How do we avoid falling into this trap? 
Think about a paramecium, a very simple, 
single-celled organism. It’s not just that it 
wouldn't understand any questions Iask— 
it wouldn’t understand the concept ofa 
question. We need to put ourselves on the 
other side and say: we are the paramecium, 
what is beyond us? 

Nicolaus Copernicus -the Renaissance 
astronomer who was the first to argue that 
Earth orbited the sun -is my religion, in 
a certain sense. I’m always on the lookout 
for how we might be completely wrong and 
aggrandising ourselves, just like we did when 
we thought that Earth was the centre of the 
universe. It struck me that language is a great 
example of such self-aggrandising. Maybe, 
by investigating the limitations built into 
human language, we can avoid falling into 
at least this instance of the trap. 


In what way does language limit us? 

What distinguishes us from the dogs 

behind your left shoulder? Communication. 
We tend to think of language as one of our 
great achievements as a species. But when you 
think about it, language is just finite strings of 
a finite set of symbols -that’s what sentences 
are—andas a mathematical structure, that is 
extraordinarily restricted. 

This applies to maths too, by the way. Many 
people have said that the world is even more 
mysterious than we can think, but they’ve not 
really tried to quantify that. When I tried to do 
this, I found that mathematics is an extremely 
rich structure that actually points at types 
of maths that it itself says it cannot describe. 


So, we know there are levels of intelligence 
that are currently unfathomable to us. 

Are they permanently off-limits? 

I find a very low likelihood that, by the end 
of this century, the human genome will be 
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the only storage system for intelligent life on 
Earth. I think CRISPR gene-editing technology 
means scientists are going to make babies who 
don’t need sleep, who have IQs of 200, who 
have gills -whatever you can imagine. Some 
religions are going to be deeply challenged 

by it, there will probably be wars about it. But 
CRISPR is out of the bottle -our DNA is going to 
be mucked around with. There will be disasters 
and mistakes at the start, but eventually 
they’re going to come up with something new 
that will be self-propagating. So I don’t think 
humans as they are currently configured are 
where intelligent life stops on Earth. 


What about intelligent machines? 

One of my previous lives was in machine 
learning. Everybody is now debating whether 
there will be a single, monolithic artificial 
general intelligence that can reach our level. 
Would it understand things in the way that 
we do? The measure is always us. 

Ithink the premise here is completely 
mistaken. The question is not “will these 
intelligences be able to emulate us and just 
add a little more?” since such machines will 
be doing things differently. The question is: 
“what will their actual capabilities be?” 

Everybody seems to have forgotten 
the mantra that a lot of power comes from 
distributed systems, and this is key in thinking 
about what the capabilities of intelligent 
machines will be. 


What are distributed systems and why are 
they interesting? 
Think of the “flash crash” of 2010, an event 
in which stock markets fell by trillions of 
dollars in minutes before recovering most 
of their value in about half an hour. It was 
caused by a lot of bots that do automated 
trades. On their own, these bots are based on 
simple if/then programs, but they somehow 
interacted collectively to suddenly cause 
the entire market to nosedive. The market 
slowly crawled its way back to where it was, 
so this wasn’t like the much more protracted 
economic downturn that began in 2007. 
But to this day, nobody can understand 
what went on. No new regulations have 
been put in place to try to prevent a repeat, 
because nobody knows exactly why it 
happened. It is described in the scientific 
literature as having been like some kind of 
alien ecosystem that we don’t understand. 
Now, imagine something like that, 
but with artificial intelligence systems like 
AlphaGo that are practising and learning 
across the whole web. What sort of vastly more 
complicated versions of the flash crash ensue 
when the bots are replaced by these kinds of 
machines? It’s not going to be some human- 
like intelligence any more, it’s going to be 
different. It’s hard not to believe that, in 
some ways, it will be vastly more powerful. 
Between CRISPR and distributed, interacting 
Als, I can’t imagine that, by the year 2100, we 
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will still be “the most intelligent creatures 
on Earth”. Our progeny will be here. 


Let’s imagine those kinds of intelligences have 
arrived. Would they ever be able to explain how 
they think to us? 
My whole shtick in all of this is that Ican’t 
conceive of how that could happen. I mean, 
it might be that what emerges will be a type of 
intelligence coming from something I haven't 
thought of. People talk about the wood wide 
web, all trees talking to one another. It might 
be that somehow we will gain the ability to 
converse with the trees or with, say, cetaceans 
or something — who knows, I’m just riffing 
now -and maybe they can actually provide 
us with an answer using means that I can’t 
even conceive of. 

It might turn out that tree roots can tickle 
our toes while the cetaceans blow bubbles 
in particular patterns in a swimming pool 
right next to us and somehow we havea deep 
epiphany. Maybe it'll be a neuro-prosthesis. 
There could be other ways. I can’t conceive of 
them though. I can’t see how I could provide 
such details to the paramecium — but again, 
that’s the whole point. I 
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an entire ecosystem in the palm of your 

hand. That precious clod might not be 
much to look at with the naked eye, but it is 
teeming with life. A gram of soil contains 
around a billion single-celled organisms, 
including tens of thousands of different 
species, and if you could tease out the fungal 
strands, they would stretch for hundreds of 
kilometres. These are indispensable to life 
on Earth, including you and me. If they all 
died, we would soon follow. 

They are dying. Fora long time, bacteria, 

fungi and other microbes were thought 
to be impervious to the agents of extinction 
wreaking havoc on larger organisms. They 
are so abundant and reproduce so quickly, 
the thinking went, that they couldn’t possibly 
be threatened. In recent years, however, 
microbiologists have come to question this 
assumption -and now they are sounding the 
alarm that microbe populations are in decline, 
possibly precipitously. 


S COOP up a handful of soil and you hold 


e 
hidden 


“We're starting to see scary signals that 
there may be this large microbial extinction 
event under way that we barely noticed,” 
says Colin Averill, an ecologist at ETH Zurich 
in Switzerland. 

When we think of biodiversity decline, 
we usually sweat the big stuff: plants, fish, 
reptiles, birds and mammals. But these are 
just the tip of the iceberg. All told, there are 
perhaps 7.7 million species of animal, around 
80 per cent of which are insects and other 
arthropods, including arachnids and 
crustaceans. But there are at least 6 million 
species of terrestrial fungus and up to a trillion 
species of bacterium and archaeon, collectively 
known as prokaryotes. On top of that, there are 
about 200,000 species of complex unicellular 
microorganisms called protists, suchas slime 
moulds. These latter two groups make up the 
majority of Earth’s biodiversity. 

Microorganisms are not only remarkable 
for their sheer weight of numbers and 
diversity, but also for what they do. They are 
the main decomposers of organic matter. They 
form vital mutually beneficial relationships, 
or symbioses, with 90 per cent of plant species. 
And they keep the major life-sustaining 
cycles turning — carbon, hydrogen, nitrogen, 
oxygen, phosphorus and sulphur. “The Earth 
microbiome provides an essential life-support 
system to our planet,” says Averill. 


extinction 


Biologists had long thought Earth's microorganisms 
were resistant to threats endangering larger lifeforms. 
Now they believe we are on the cusp of a microbial 
extinction event, finds Graham Lawton 
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The first inkling that this system might itself 
be vulnerable came in 2007, when Markus 
Weinbauer and Fereidoun Rassoulzadegan, 
then at the Pierre and Marie Curie University 
in Paris, wrote a paper challenging the 
cosmopolitan hypothesis, first put forward 
in 1934, which suggests that when it comes 
to microbes “everything is everywhere”. 

This posits that due to their minute size 
and vast abundance, microbes are universally 
distributed worldwide. Any regional variation 
is caused by environmental constraints, not by 
physical barriers to distribution of the sort that 
keep larger life forms confined to home ranges. 
Elephants, for example, cannot migrate to 
the Americas because crossing the ocean is 
impossible. Bacteria can simply blow across 
on the wind. Ifso, the idea goes, then there 
is always a vast reservoir of every species that 
can repopulate any place, any time. 

Testing the cosmopolitan hypothesis 
has always been difficult, as failure to finda 
microbial species somewhere doesn’t prove 
itisn’t there. But there are plenty of reasons to 
doubt it. We know that the genomes of several 
species of bacterium vary depending on their 
geographic location -and that the genetic 
variation is greater the further away they 
are from each other. This suggests that these 
microbes have been evolving in isolation 
from one another with no genetic exchange. 

Ditto fungi, many of which live dual lives 
as microscopic and macroscopic organisms. 
According to Lynne Boddy, a mycologist at 
Cardiff University, UK, a good example is 
the wood-decaying fungus Hyphoderma 
setigerum. It was once thought to have a 
global distribution, but DNA analysis has 
shown that it actually has nine subspecies 
with geographically distinct ranges. 

The “everything is everywhere” dictum is 
no longer valid, says Boddy. “It really is not 
true. Not all microbes are everywhere. They 
have biogeography. In other words, they are 
found in certain parts of the globe.” That 
doesn’t mean that no microbial species are 
cosmopolitan, says Weinbauer, but it does 
suggest that biologists have been lulled into 
a false sense of security about the extinction- 
proofness of microbes. 

Certain species have almost certainly 
already disappeared. Whenever an animal or 
plant goes extinct, it usually takesaretinue > 
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of microorganisms with it. “All the specific 
microbes living in the hair of the mammoth 
or the feathers of the dodo, all the specific 
microbes associated with the specific lice 

of these species, all their specific pathogens 
are extinct,’ says Weinbauer. More recently, 
botanists in Brazil discovered six previously 
unknown species of fungus growing on the 
leaves of a tropical shrub, Coussapoa floccosa, 
which until recently was thought to be extinct. 
Ifand when the last specimen dies, those 
fungi will disappear too. 


Declining diversity 


Now, some 15 years on from what Weinbauer 
called his “quite speculative” paper, the 
evidence is mounting to suggest we are in the 
midst ofan actual decline in the abundance 
and variety of microbes. “There is an emerging 
realisation that Earth’s microbial biodiversity 
is under threat,” says Averill. 

Most of the evidence comes from soil fungi, 
many of which spend much of their life cycle as 
microorganisms, but also produce the bulbous 
fruiting bodies we know as mushrooms, 
toadstools, bracket fungi and the like. These are 
easy enough to spot, so they are often used as 
surrogates for the state of forest biodiversity, 
especially of the underground mycorrhizae— 
fungi that form symbiotic relationships with 
tree roots, taking sugars and supplying plants 
with water and mineral nutrients in return. 

As early as the 1980s, there were signs that 
all was not well in the underworld. Eef Arnolds 
at what is now Wageningen University in the 
Netherlands compared historical records 
of the fruiting bodies of mycorrhizal fungi 
spotted on field trips in that country. Between 
1912 and 1954, the average number of species 
seen per trip was 71. By the mid-1980s, that had 
declined to 38. Similar falls were recorded in 
Germany by the indefatigable mycologist 
Helmut Derbsch, who sampled the same piece 
of woodland near Saarbrticken 3500 times 
between 1950 and 1985. Even steeper falls 
were seen elsewhere. All told, says Averill, 
the species-level diversity of ectomycorrhizal 
fungi has declined by 45 per cent across 
Europe over the past century. 

Arnolds put the decline down to two 
factors: air pollution and intensive forest 
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THE CARBON COMMUNITY 


management, which removes fungus food — 
dead wood and leaf litter- and replaces native 
trees with non-native ones. One later study in 
Sweden found that the abundance of wood- 
decaying fungal species was negatively 
correlated with the intensity of forestry there. 

“As we lose habitats, what we’ve learned 
from all these different studies is that we’re 
losing all of this other associated microbial 
biodiversity,’ says Averill. Habitat loss can 
sometimes havea surprising cause. The 
decline of the now-endangered fungus Poronia 
punctata, for example, mirrors the rise of car 
ownership -but not because of pollution. 

Its preferred habitat is horse dung, which is 
much less abundant today because of changes 
to the way we get around. 

The problem is that it is nigh-on impossible 
to confirm the demise ofa microbial species. 
“It’s remarkably difficult to prove the 
extinction of any organism, and when you 
start talking about microorganisms, it’s even 
more challenging because most species are 
undescribed,” says Averill. “But we'd be 
surprised if those extinctions were not 
happening.” Boddy shares that view. “As with 
plants and animals, mass extinctions of fungi 
are likely to occur, but when they do, many 


Microbe restoration is 
being tested in the Glandwr 
Forest in Wales, UK 


will be unrecorded, as so many species are 
still unknown,” she says. 

What we can see is definite evidence not 
only ofa decline in abundance, but also 
homogenisation, where the same common 
fungi dominate soil ecosystems ever more 
and the exotic ones dwindle and disappear. 
The same is seen in larger organisms, where 
rare, endemic animals are increasingly being 
displaced by rats, cats and pigs. As for the 
estimated 5x10% prokaryotic cells on Earth, 
we just don’t have the data. And it’s a similar 
story for viruses. 

Where the data exists, it points toa 
widespread problem. “We are focused on 
mycorrhizal fungi, that’s where most of the 
expertise and interest lies, but we see bacteria 
experiencing this homogenisation too,” says 
Averill. “As we’ve used more and more DNA- 
sequencing technology, we’re seeing this 
intense homogenisation. All ofa sudden, all 
of the same organisms are showing up and all 
of the rare organisms that make these habitats 
microbiologically distinct start dropping out 
of the species pool.” 

On top of that, multiple studies over the past 
few years have concluded that microorganisms 
are sensitive to the same sorts of pressures that 
are threatening larger organisms: habitat loss, 
invasive species, pollution and wildfires. 

The consequences of a large microbial 
extinction event would be disastrous. In 2020, 
when a widely reported study demonstrated 
a precipitous decline in insects, ecologists 
warned of potentially devastating impacts. 
Insects are key players in most ecosystems, 
providing food for other species, recycling 
nutrients, disposing of dung, controlling pests 
and pollinating plants. A 2019 review paper on 
insect decline warned that “the repercussions 
this will have for the planet’s ecosystems are 
catastrophic to say the least”. A microbial 
apocalypse would be even worse. 

“Don’t get me wrong here, but ifall 
mammals were wiped out, that wouldn’t 
have very much effect on the functioning of 
most ecosystems,” says Boddy. “But bacteria, 
archaea and fungi are a totally different 
matter. If we lost a whole group, it would 
be disastrous because ecosystem function 
depends on them. You can’t overemphasise 
the importance of microbes.” 
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“You can’t overemphasise 


the importance of microbes” 


Boddy likes to quote Tom Curtis at 
Newcastle University, UK, who in 2006 called 
on biologists to up their game with regard to 
mapping the microbiosphere: “Ifthe last blue 
whale choked to death on the last panda, it 
would be disastrous but not the end of the 
world. But if we accidentally poisoned the last 
two species of ammonia-oxidizers, that would 
be another matter. It could be happening now 
and we wouldn't even know...” 

This dearth of knowledge is a major barrier 
to assessing the state of Earth’s microbiome. Of 
the 6 million or so species of terrestrial fungus, 
only 140,000 have been fully characterised, 
says Boddy. “There will be microbes, certainly 
fungi, going extinct all the time. And we 
probably haven't even discovered them yet.” 

Fortunately, it is unlikely to be too late to 
arrest and reverse the decline, though we can’t 
afford to be complacent. The first step is to 
map and conserve what is left. “We need to 
get ahandle on what’s there,” says Averill. “By 
combining DNA-based microbial surveys from 
around the world, we can start to get pictures 
of where microbial biodiversity is highest and 


most intact and where it’s most degraded. 
And that can act as a baseline we can 
continue to monitor and use to identify places 
that need to become conservation priorities.” 

To that end, various initiatives have 
started documenting the soil microbiome, 
and another three -the Earth Microbiome 
Project, GlobalFungi and SPUN (Society for 
the Protection of Underground Networks) — 
are compiling the data. 

Step two is to restore. “We’re witnessing 
a global movement in restoration and 
reforestation, trying to bring back natural 
ecosystems,” says Averill. “But when we go 
and planta tree, we rarely think to plant the 
associated microbiome. So we’re going to 
work with more and more groups where 
we start actually moving microbes, doing 
active microbiome restoration as part 
of reforestation projects.” Averill and his 
team analysed the results of 27 restoration 
experiments that also added wild 
microbiomes and found that plant growth 
increased by an average of 64 per cent versus 
plots that weren't seeded or that used 
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commercial mycorrhizal solutions. “There 
seems to be something special about the 
wild, native microbiology,” he says. 

Based on this research, Averill and some 
of his colleagues have founded a public 
benefit corporation called Funga that aims to 
improve the productivity of forestry projects 
and help tackle climate change by restoring 
the underground microbiome. 

Its model has already been put to the test 
in the UK at Glandwr Forest in south Wales, 
where researchers planted 25,600 trees across 
11 hectares of farmland. Half were native 
broadleaf species, including alder, aspen, birch, 
cherry, oak and rowan. The other half were Sitka 
spruce, typical of commercial monoculture 
plantations. Some of the trees were planted as 
normal, others had their roots inoculated with 
acommercial conifer mycorrhizal solution, 
while those in a third group were planted with 
a spadeful of fresh soil from a nearby forest. 

“Using DNA technology, we can identify 
forests with great soil microbiology and 
then use that soil to inoculate at the time of 
planting,” says Averill. It is early days, but there 
are some encouraging signs that such soil 
transplants work. “We’re already seeing the 
trees growing faster where we’ve done these 
inoculations,” says Averill. The next step is to 
try the technology out ina commercial loblolly 
pine plantation near Athens, Georgia. 

There are also stirrings in the corridors of 
power. In 2021, the International Union for 
Conservation of Nature pledged to recognise 
fungi as the equals of animals and plants in 
terms of conservation need, and revised its 
slogan to “fauna, flora and funga”. But it isn’t 
enough. “Other microbes still really aren’t 
considered,” says Boddy. 

As our understanding of extinction risk 
has cascaded down the levels of biological 
organisation, from plants and large animals to 
insects and finally microbes, it seems we really 
are hitting rock bottom. According to Averill, 
this is our final wake-up call. “A functioning 
Earth without a functioning microbiome is 
nearly unimaginable.” I 
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David Robson is an award- 
winning science writer and 
the author of The Expectation 
Effect: How your mindset 

can change your life 


Next week 
Science of cooking 


60-second psychology 


Getting on with it 


Procrastination can steal hours of our time, but the latest research 
has some answers about how to reduce it, finds David Robson 


PROCRASTINATION, we are often 
told, is the “thief of time”. When 
Inotice my days slipping away in 
some unfulfilling activity, I can’t 
help but feel a sense of loss for all 

I might have achieved and guilt for 
failing to keep that burglar at bay. 

According to the psychological 
research, our self-admonishment 
may only make it harder to break 
the habit, because procrastination 
is often a way of coping with stress 
and self-criticism. If I feel anxious 
about writing a new chapter of my 
book, for example, I may choose 
to hide my head in the sands of 
social media rather than facing 
the feared reality of a bad first 
draft. This is counterproductive, 
since the lost time will only make 
poorer performance more likely, 
but it provides short-term relief 
from the anxiety Iam facing. 

Studies show that the higher 
our fear of failure, the more likely 
we are to procrastinate. If we then 
beat ourselves up, it is only going 
to raise our levels of stress and 
anxiety, which may cause us to 
look for more reliefin temporary 
distractions — disrupting our next 
task, too. The result is a vicious 
cycle of self-sabotage. 

For this reason, psychologists 
suggest that practising greater 
self-compassion may be one 
way of reducing procrastination. 
Imagine you are talking to a friend 
in a similar situation. What kind 
words of encouragement would 
you use? This exercise reduces 
self-criticism and people who 
practise it tend to find it easier to 
meet challenging goals. Engaging 
in self-compassionate thinking 


increased the time students spent 
studying after having previously 
failed an exam, for example. 

You might also consider 
employing alittle “strategic 
indulgence” -a concept I recently 
discovered at the Society for 
Personality and Social Psychology 
conference in Atlanta, Georgia. 
Put simply, this means including 
procrastination as part of your 
daily schedule. One of my main 
sources of time-wasting is funny 
YouTube videos, for instance, so 
I might decide to enjoy those for 
10 minutes at 11am, before 
returning to writing. 

With strategic indulgence, we 
can still experience the short-term 
mood boost we crave. But since it 
is a deliberate decision, we don’t 
have the feelings of failure that 
come with our spontaneous 
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procrastination, so we are then 
less likely to descend into that 
spiral of unproductivity. 

It seems to work. At the 
conference, Lile Jia at the National 
University of Singapore revealed 
early research showing that 
students who work distractions 
into their schedule tend to 
maintain higher motivation and 
make better progress towards 
their goals, with less stress. 

In today’s hustle culture, it is 
reassuring to see research that 
celebrates self-compassion and 
self-indulgence. The thief of time 
may be an inevitable guest, but, 
with the right mindset, we can 
ensure its visits are short. I 

These articles are 
2 posted each week at 
newscientist.com/maker 
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The taming 
of the kilderkin. 


It may not appear hostile. But the Taylor’s cask is 

well known amongst landlords for its tendency to 

erupt and drench the unsuspecting if not handled 

correctly. We still brew our beer the traditional 

way, which means it undergoes a vigorous second- 
ary fermentation in the cask. This extra condition- 
ing results in a cleaner and crisper beer. But it 

also means that our casks demand extra time 

and care. So when you see Landlord in a pub, you 

know you're in the presence of a landlord who has 

tamed the beast to bring you that Taylor’s Taste. 
Please thank them for their endeavours. 


All for that taste of Taylor’s 
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ACROSS 

New Scientist covers 100-kilo 
camouflage expert (5,6) 
Beginning climb after end of season (7) 
Stuffy-sounding lady gets behind 
explorers’ agency (5) 

Very top state (5) 

Once again polishes rejects (7) 

| act on wrongly charged item (6) 
Write off 44 per cent of educators 
in data transmission (6) 

Position in orbit (according to 
Instagram) by mid-week (7) 
Project is worth developing (5) 
Lighting unit hangin’ over one’s 
head, so to speak (5) 

Understood bit of gossip 

relayed hoarsely (7) 

Smooth muscle injury starts 

to throb and hurt here (6,5) 
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crossword 
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DOWN 

Rising star endures cavity (5) 

Poor conductor ruins alto's playing (9) 
Somehow hit potassium requirement (5) 
The wild tuna salad comes 

with rye but no fork (6) 

Make greater part of pastel bonnets 
in return (7) 

Contraction in ab exercise? (3) 

Ready to go left in electric car 

after reversing (3,3) 

Seasonal illness comes upon 

pair of organisers before fight 

for mineral resource (9) 

Pop holds up roof construction (6) 
Area beneath thing made of 

tissue and zigzag fabric (7) 

Fresh glue protecting each band (6) 
English pub flyer upset customers (5) 
Distance across widget once coating 
of grease is removed at hospital (5) 
Politician keeps a chart (3) 


Our crosswords are now solvable online 
newscientist.com/crosswords 


Quick quiz #197 
set by Bethan Ackerley 


1 Potamology is the study of which 
feature of the natural world? 


2 What was the first US satellite 
to reach orbit? 


3 Immune cells that protect the body by 
ingesting harmful foreign cells, bacteria 
and dead or dying cells are known as what? 


& The Pitch Lake in Trinidad is the largest 
natural deposit of what substance? 


5 What name is given to a gathering 
of male animals in which they perform 
competitive displays and courtship 
rituals for observing females? 


Answers on page 55 


Puzzle 
set by Brian Hobbs 
#217 Vicious circle 


It made sense at the time. The enemy was 
coming and Neville the Mighty But Not That 
Bright had created a circular moat in which 
he placed a fast-swimming, flesh-eating 
moat monster. He stood at the centre of 
the island, sword in hand, guarding the 
only bridge, and ready to fight whoever 
dared to cross. The plan was foolproof... 
until the enemy burned down the bridge. 


Now, Neville is stranded on an island 
encircled by a moat with a monster in it. 
He can just barely run and jump the moat, 
but the monster swims four times as fast 
as Neville can run and can sense where 
he is at all times. If Neville tries to jump 
the moat while the monster is directly 
beneath him, he will be snatched out of 
the air like a sausage being caught by a 
dog. Is Neville doomed by his own plan 
or is there a chance of escape? 


Solution next week 
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Spent force 


I fill a bucket with water from 
a tank by gravity, but what 
happens to the gravity? 


@donferrell333, via Twitter 
Nothing happens to the gravity. 
Itjust keeps pulling. The darn 
bottom of the bucket just got 

in the way. 


Pat French 
Telford, Shropshire, UK 
Throughout the process of filling 
your bucket, gravity doesn’t 
change. The same gravitational 
force pulls ina straight line from 
the centre of Earth to its surface, 
to the bucket, to the water in the 
tank, even to the moon and as 
far as we know to the edge of 
the cosmos. It has been acting 
on Earth since it formed and is 
related to the mass of the planet. 
Gravity was there before you 
opened the tap. It imparted the 
energy that caused the water 


“The gravitational 
force pulls in a line 
from the centre of 
Earth to its surface, 
to the moon and to the 
edge of the cosmos” 


to fall into your bucket, but was 
unchanged in the process. 

One way to conceive of this 
is to think of gravity as a riverbed. 
The water comes and goes, but 
the riverbed remains. 


Alex Wilkins 

New Scientist reporter 

A force field -in gravity’s case, a 
gravitational field -is something 
that extends throughout the 
universe and interacts with any 
particle that can interact with that 
field. A gravitational field interacts 
with all known particles. 


This force field can’t be depleted. 


It will always move a particle 
according to the field’s strength 

at a particular point. This strength 
is dictated by the distribution of 
mass in space. So, if water moves 
froma tank to a bucket, this will 
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This week’s new questions 


Up and down When travelling by car, why does it feel like 
Iam going uphill when I go north and downhill when I am 
heading south? Joseph Main, Bexhill, East Sussex, UK 


Second bite Why is it so painful for babies to get their first 
teeth, but when children’s teeth fall out, the new ones don’t 
hurt when they arrive? Catherine de Lange, London, UK 


infinitesimally change the 
distribution of mass in and 
around Earth, and very slightly 
change the strength of the 
gravitational field. 

Earth is so much more massive 
than the amount of water moved 
that there has essentially beena 


negligible change in the force field. 


The field will always be strong 
enough to move water from the 
tank to the bucket. If the tank 

and bucket were big enough to 
move sufficient water, that might 
change the gravitational field, but 
you would need a lot of water! 


Richard Swifte 

Darmstadt, Germany 

Gravity is one of the fundamental 
forces of nature and a property of 
everything composed of matter. 
Nothing ever “happens” to it — it 


simply exists. It might be better 
to ask what the effect of gravity 
is in this situation. The water 
falls downwards into the bucket. 
Therefore, to preserve the centre 
of gravity of Earth, the planet 
will move upwards by an 
immeasureably tiny distance. 


Ron Dippold 

San Diego, California, US 

There are two answers to this. 

The first is that you did change 

the gravity field a teeny bit when 

you filled the bucket with water. 

Gravity emerges from mass, 

and you moved a minuscule 

bit of mass lower, making an 

infinitesimal dimple in Earth’s 

gravity well larger at the expense 

of the tank’s teeny gravity well. 
The second view is that you 

spent gravitational potential 


Want to send us a question or answer? 

Email us at lastword@newscientist.com 

Questions should be about everyday science phenomena 
Full terms and conditions at newscientist.com/lw-terms 


Whenever | am driving 
north, why does it feel 
as if | am going uphill? 


energy -the amount of energy 
it takes to lift something ina 
gravitational field. As an example, 
12 litres of water that is 3 metres 
above the ground has about 
350 joules of potential energy. 
Ifyou pour this water into a 
bucket on the ground, you have 
spent that 350 joules (enough 
to keep a1600 lumen LED bulb 
lit for about 15 seconds). 

But where did that energy go? 
Into water turbulence, friction and 
heat. The gravitational energy has 
now gone, but if you had a little 
turbine, you could have extracted 
maybe 80 per cent of that. This is 
how hydropower works and why 
pumping water higher is a popular 
energy storage method. 


Nick Canning 

Coleraine, County Londonderry, UK 
Because the mass of water in your 
bucket is negligible in comparison 
with the mass of Earth, the 

change in the gravitational field 
associated with bucket filling 

is undetectable. 

Swap the water for a planet- 
sized object, however, and the 
change in the field with time 
becomes significant. The dance 
of two colliding planets is 
complicated to calculate, but 
it can be done using Isaac 
Newton’s law of universal 
gravitation. Make the objects even 
more massive -by turning them 
into black holes, perhaps -and the 
dance requires Albert Einstein’s 
general relativity to calculate 
the effect of gravity with time. 

But what is gravity? A force, 

a thing that mass has, a field, 

the result of the stress-energy 
tensor, curvature of space-time? 
All of the above? It is mysterious. 


Humour me 


People say “laughter is the best 
medicine”, but does it actually help? 


@Liz53533253, via Twitter 
Ifthe laughter is genuine, it starts 


Tom Gauld 
for New Scientist 


FROM TIME TO TIME, THE INFINITE MONKEYS TAKE A BREAK FROM THEIR 
INFINITE TYPEWRITERS AND GATHER AROUND INFINITE WATERCOOLERS TO 
DISCUSS WHAT THEY WATCHED ON THEIR INFINITE TELEVISIONS LAST NIGHT. 


a good chain reaction. Serotonin 
and other “good” hormones are 
released. The brain and the rest 
of the body get more oxygen 

and stress levels fall. The laughter 
stimulates happier thoughts and 
creates a sense of closeness with 
those sharing it. 


@ginnyjollykidd, via Twitter 
Laughter can help us with lovely 
endorphins and other such 
hormones. It exercises the core 
muscles and the face in one of the 
loveliest ways to bring out beauty. 

Emotionally, it breaks tension. 
It relaxes a person. It brings 
happiness, an elusive but 
necessary emotion. 


Beth Frates 


Harvard Medical School, Boston, US 


While research on laughter 
indicates it is healthy for us — 


physiologically and mentally -you 
don’t need to read medical journal 


articles to understand this. You 
just need to enjoy the sensations 
that accompany a good belly 
laugh that triggers the release 

of endorphins and serotonin, 


“Laughter can help 


us with endorphins 
and other feel-good 
hormones, and it 
exercises the muscles 
of the core and face” 


the body’s natural feel-good 
hormones, as well as natural 
opioids in the brain. 

Laughter can also reduce 
stress. Studies show that levels 
of the stress hormone cortisol 
are reduced after a bout of 
laughter. Other research has 
linked laughing with increased 
pain tolerance as well as benefits 
to the cardiovascular and 
immune systems. 

Iwork in the field of lifestyle 
medicine, which is based on six 
pillars: physical activity, nutrition, 
sleep, stress resilience, social 
connection and the avoidance 
of risky substances. Laughter 
supports many ofthese pillars. 
For example, one of the quickest 
ways to connect with someone 
is through sharing a laugh ata 
joke ora funny situation. Couples 


who laugh together last together. 
In 2016, I co-wrote a paper 
investigating a “laughter 
prescription”, using deliberate 
laughter as a way to tap into its 
natural benefits. This prescription 
might take the form of deliberately 
watching your favourite comedy 
show for 30 minutes to get a good 
laugh. There are also laughter 
yoga classes in which groups of 
people start laughing in response 
to the laughter ofan instructor. 
Sometimes, the participants 
don’t even know why they are 
laughing, but the whole class 
is doing so, and smiling and 
feeling good. 


Kim Russell, via Facebook 
Why do we laugh? I think it is 
about the brain making new and 
often unexpected connections. 
When this happens, we feel 
euphoria because we have 
achieved something new or 
revived something from a past 
euphoric connection. This 
overrides negative thoughts 
and makes us feel better 
about ourselves. I 


Answers 


Quick quiz #197 
Answers 


1 Rivers 

2 Explorer 1 

3 Phagocytes 

4 Bitumen (also known as asphalt) 
5 Alek 


Quick crossword 
#130 Answers 


ACROSS 6 Ecocide, 7 Audio, 

9 Blog, 10 Rainforest, 

11 Franklin, 13 Impact, 15 Stat, 
17 Surge, 18 Peer, 19 Hollow, 
20 Envelope, 23 Barbarella, 

26 Iron, 27 Debug, 28 Vertigo 


DOWN 1 Congenital, 2 Mitral, 
3 SETI, 4 Caffeine, 5 Ader, 

6 Euler, 8 Ossicle, 12 Nerve, 
14 Papillitis, 16 Troland, 

17 Sewerage, 21 Viagra, 

22 Photo, 24 Bubo, 25 Lava 


#216 Game of stones 
Solution 


To win, you must ensure that, after 
each of your moves, the difference 
between the positions of adjacent 
stones is always an odd number. 
For example, you could move the 
stone on 40 to 9, so the stones 
are on O, 9 and 20, with gaps of 
nine and 11 positions between 
them. When your adversary 

plays, they will forever be forced 
to leave one odd difference and 
one even difference. For instance, 
if your opponent moves the stone 
at O to 14, the positions are now 
9, 14 and 20, and the differences 
are five and six. You can always 
leave two odd differences 
between the “even” pair. 


The game ends when the 
neighbouring stones are all just 
one position apart. Since only 
you can achieve this odd-odd 
pattern, you will have the final, 
winning move. 
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The back pages Feedback 


Helluva twist 


CHARLES DICKENS and his writings 
are still being “interrogated” (that’s 
the word in use) by scholars, at least 
one of whom is almost electrified 
by what might be there. 

Jeremy Parrott, an antiquarian 
bookseller and a stalwart of the 
Dickens Society, says he has 
identified a supply of electricity that 
flows, in a literary way, through the 
people in Dickens's novel David 
Copperfield. Parrott announced his 
discovery in the March issue of the 
Society's Dickens Quarterly, with 
ajolting 27 pages of facts - and 
perhaps some conjectures - all wired 
together with the title “Electrical 
undercurrents in David Copperfield". 

The Dickens Society encourages 
research into almost anything to 
do with Dickens. Founded in 1970, 
its list of past presidents flaunts 
many names that are Dickensian 
or near-Dickensian, among them 
Graham Storey, George Worth, 
Susan Shatto and Sally Ledger. 
Parrott, though neither a past nor 
a present president, is of equally 
Dickensian nominative distinction. 

His paper “interrogates two key 
names” — David Copperfield and 
Uriah Heep — “and discloses some 
previously unsuspected motivations 
behind their creation”. Copperfield 
is the book's youthful hero, Heep his 
nemesis. Parrott says that the name 
Copperfield is “not merely metallic 
but electrical” and deduces that 
the name David was inspired by 
Humphry Davy, the scientist widely 
credited as inventing the field of 
electrochemistry. In the novel, the 
first time the hero is given a name, 
that name is “Master Davy”. That 
is Parrott’s big clue. 

Parrott gives his own readers — 
us — a detective thrill ride. He says 
the name Uriah Heep links to 
then-contemporary science “in 
previously unsuspected ways” 
What's more (and here is the 
thrill part), Parrott explains that 
other characters use the words 
“cadaverous” and “monster” to 
describe Heep, which links Heep to 
the “electrically-sparked monster” 
in Mary Shelley's Frankenstein. 

In his conclusion, Parrott hurls 
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Twisteddoodles for New Scientist 


SCIENCE HAS FOUND THAT 60°%o 
OF BIRDSONG IS RAP BATTLES 


Come MAKE it 

wiTh ME AS 

| AM THE BEST, 

THAT BIRO weg 

THERE IS STL 

IN HLS MOMS 
NEST 


YO, HELPING my 
FAMILY BRINGS ME 
NO SHAME, THAT 
JERK OVER THERE 
GIVES SPAREOWS 
A BAD NAmE 


J 


@twisteddoodles 


Got a story for Feedback? 


È< 


Send it to feedback@newscientist.com or 
New Scientist, 9 Derry Street, London, W8 5HY 


Consideration of items sent in the post will be delayed 


at us, his readers, a literary lightning 
bolt: “Coupling David Copperfield 
with that ‘monster in the garb of 
man’ Uriah Heep, some 30 years 
after the first appearance in print 
of Frankenstein’s electrically- 
sparked monster, empowered 
Dickens to create, through his 
alter ego DC, a character who 

can plausibly be viewed as the 
first android in literature” 


Catatonia from Catalonia 


Inspiration about medical 
knowledge can come from almost 
anywhere. Musical inspiration 
about the aetiology of pneumonia 
comes, for some people, from the 
song I'll Never Fall in Love Again 
by Hal David and Burt Bacharach. 
Some people call it “the 
pneumonia song”. David died in 
2012, Bacharach in February this 
year, neither from pneumonia: 


“What do you get when you 

kiss a guy? 

You get enough germs to 

catch pneumonia. 

After you do, he’ll never phone ya. 
I'll never fall in love again.” 

But what of other medical 
conditions? What about, say, 
catatonia? Inspiration about the 
clinical aspects of catatonia comes, 
for Feedback, from a recent primer 
in the journal Medicina Clinica, 
called “Catatonia: Back to the 
future of the neuropsychiatric 
syndrome”. Jorge Cuevas-Esteban, 
David Sanagustin and Maria 
Iglesias-Gonzalez, who wrote it, 
are based in the Catalonia region 
of Spain. The following lyrics, 
Feedback’s tribute to their 
writings, can be sung 
to the same tune: 

“Where are the folks who write 
the facts- 
The medical facts of catatonia? 


All of them work in Catalonia, 
In Barcelona, north-east Spain.” 


Unmasked advice 


Imagine a restaurant host saying: 
“Welcome, diners! Tonight's 
78-course roast beef dinner 
includes generous portions of 
rotten meat, cardboard and solids 
that we are unable to identify. We 
are commendable for including 
(rather than excluding!) these 
ingredients and for telling you 
that we include them. We did a 
vast amount of careful work.” 
As you digest that, consider 
the Cochrane Report that led to 
misleading public outcries, such as 
this one in The New York Times: “the 
verdict is in: Mask mandates were 
a bust”. The report appraises the 
major precautions against covid-19 
infection. It is a “meta-analysis” - 
that is, it gathers lots of numbers 
crunched by lots of earlier studies. 
When the planet seeks the 
answer to an urgent, yes-or-no 
question about saving lives, a 
meticulously researched study from 
a respected source gets attention. 
But when researchers don’t yet have 
much of an answer, they can mask 
that void by amassing copious 
tangential details. 
Good scientists spell out the 
limitations of what they know. 
This Cochrane meta-analysis is 
painstakingly honest to the point 
of near self-destruction. It mentions 
that most of the reports it analysed 
are from long before the arrival 
of covid-19. And it says: “The high 
risk of bias in the trials, variation 
in outcome measurement, and 
relatively low adherence with 
the interventions during the studies 
hampers drawing firm conclusions.” 
It confides that “the low to 
moderate certainty of evidence 
means our confidence in the effect 
estimate is limited, and that the 
true effect may be different from 
the observed estimate of the effect”. 
The report ends with a veiled plea 
for someone, anyone, to do “large, 
well-designed” studies “addressing 
the effectiveness” of advice about 
wearing masks. I 
Marc Abrahams 


The tap that does it all 


100°C BOILING, CHILLED AND SPARKLING WATER 


With a Quooker in your kitchen you always have 100°C boiling water alongside regular hot and cold. 
Add a Cube and you will also have chilled, filtered sparkling water - all from the same tap. Interested? 
Book a virtual experience with a Quooker expert. You control the appointment and what you see. 
For further details and to book your appointment, scan the QR code or visit quooker.co.uk 


Quooker: 


THE OUTER SEYCHELLES FLORIDA GULF COASTLINE, UNITED STATES 


SYLVIA EARLE EXPLORES SYLVIA EARLE WITH VOLUNTEERSS=— 
COCOS ISLAND, COSTA RICA THE OUTER SEYCHELLES zs 


SEA LION, 
MOBULA RAYS, AZORES : GALAPAGOS, 
GREAT BARRIER REEF, AUSTRALIA ARCHIPELAGO, PORTUGAL ECUADOR 


ON OUR WATCH 


Hope can now be spotted across all our planet’s seas 
and oceans. Sites are made into aquatic havens by local 
communities, to safeguard the richness and diversity of 
the ecosystems they depend on. Sylvia Earle’s invaluable 
experience as an explorer and marine biologist continues 
to help further their goal, through her organisation, 
Mission Blue. Together, they have created over 130 
Hope Spots and counting. Carrying a message of hope 
for generations to come. It is that vision, that dedication 
to a perpetual planet, which we are proud to stand by. 


For as long as it is needed. 


#Perpetual 


OYSTER PERPETUAL ROLEX DEEPSEA 


Te ROLEX SUPPORTS MISSION BLUE 
= IN ITS COMMITMENT TO PROTECTING R Í E x 
30% OF THE OCEANS BY 2030 


